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PREFACE 
This document presents the frequency allocation requirements 
for passive sensors utilized in the Earth Exploration Satellite 
and the Space Research Services. The document is organized into 
Chapters I and 11, Parts A and B. 
Chapter I, Part A presents the applications and, in some 
cases, potential benefits which are appl.icable to various microwave 
remote measurements. Since measurements are required simultaneously 
in multiple frequency bands to adequately determine values of some 
phenomena, these relationshiss between frequency bands are presented. 
The various measurement accuracies, dynamic range, resolutions and 
frequency needs are also discussed. 
I 
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Chapter I, Part B presents a band-by-band summary of requirements, 
unique aspects and sharing analyses of the required frequency bands 
for passive sensors. 
chapter- 11, Part A discusses sensitivity requirements of the 
various measurements and microwave radiometry techniq~es while 
Part B provides the detailed Sand-by-band sharing analyses. 
In addition, Appendices I-IV, describe the analytical techniques 
applied to the detailed sharing analyses. Appendix V, presents a 
f bibliography of publications pertinent to the scientific justifica- 
tion of the frequency requirements for passive microwave remote 
iii 
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CHAPTER I 
PART A 
FREQUENCY BAND REQUIREMENTS 
1. INTRODUCTION 
Some of the most difficult problems facing humanity 
today are the assuring of adequate supplies of food and 
energy, while at the same time improving and safeguarding the 
physical environment and the quality of life. The use of 
remote sensor observations from experimental and operational 
aircraft and spacecraft platforms is assisting in the solution 
of these problems by providing data on phenomena that affect 
the earth and its environment. 
Technological advances in the state-of-the-art in remote 
sensor systems in recent years, coupled with the desire for 
greater information on the earth, its oceans, and atmosphere, 
have led to the development and increasing use of a new genera- 
tion of remote sensor systems operating in the microwave region 
of the frequency spectrum. These new sensors, callzd passive 
microwave sensors, have the capability of providing information 
heretofoqe unobtainable with basic imaging techniques such as 
photography, television, or multispectral imaging used in past 
remote observations. 
In addition to measuring phenomena and collecting data on 
a number of phenomena important in studies of the earth, oceans 
and atmosphere, passive microwave sensors can successf~lly make 
measurements in virtually any weather conditions, through clouds 
and during both day and night time periods. Such measurements 
are possible since the microwave emissions from the atmcsphere, 
and land and ocean surfaces are frequency-dependent. Further- 
more, more economical and repetitive measurements can be made 
over larger geographical areas using spaceborne microwave passive 
sensors than with the limited, more costly, techniques currently 
employed. 
Passive microwave sensors can provide the quantitative 
and qualitative data needed by scientists, engineers, managers 
and users to help solve mankinds' truly great and pressing problems. 
Microwave applications are numerous, and the information acquired 
from the microwave passive sensor data can be used for improving 
and protecting earth and water resources; planning, preserving 
and utilizing land resources; and monitoring the environment. 
More specifically, the data from passive microwave sensors can be 
used for predicting the weather and lonq-term climatology changes 
for detecting, quantifying and monitoring water and atmospheric 
pollution; and for understanding the earth, ocean and atmospheric 
dynamics. Each of these is important to the sustenance of life 
on our planet, and space technology and microwave remote sensors 
can make significant contributions toward this important objective. 
2. APPLICATIONS AND MEASUREMENTS 
Experiments conducted with passive microwave sensors have 
indicated specific applications areas which may benefit from 
analysis of the data acquired with passive microwave sensing 
observations. These include: 
1) Agriculture, Forestry and Range Resources 
2) Land Use Survey and Mapping 
3) Water Resources 
4) Weather and Climate 
5) Environmental Quality 
6 )  Marine Resources, Estuaries and Oceans 
In the following paragraphs of this section, specific 
user needs and problem areas of concern are addressed, along 
with economic benefits and measurement pnenomena, to exemplify 
the important contributions of spaceborne passive microwave 
observations in solving many of the problems of the earth. 
2.1 Agriculture, Forestry and Range Resources 
The need for agricultural, forest and range resources to 
satisfy a growing population generally have been met throughout 
history, through intensive development of the available land 
and through technology advances. To keep up with the worlds' 
population growth and expanding demands, mankind will have to 
depend on continued technological progress and further develop- 
ment of land resources. Earth-oriented satellites with advanced 
sensor systems offer an opportunity 20 provide potential users 
with informative and useful data concerning world agriculture, 
forest and range resources. 
Agriculture, forestry and range applications are concer*.~:d 
with the planning of land use for food and fiber production, and 
the management of those resources for the ultimate benefit 
of producers and users. 
Remote sensing technology can assist in the efficient 
management of the nation's renewable food and fiber resources 
and provide relevant information on world-wide agricultural 
conditions. Timely inventory and production estimates are 
critical to the distribution and consumption of food and fiber 
resources. Such estimates require knowledge of not only the 
types, amounts and location of specific commodities of interest, 
but information regarding the factors which influence the even- 
tual quality and quantity of the output. These factors include 
the physicar conditions of the plants, such as vigor, density, 
damage, disease and maturity; and environmental parameters 
such as availability of water, soil type, moisture, salinity 
and insect infestations. 
Potential applications of satellite data in forest manage- 
ment include inventories of forest type, timber volumes by 
species and size, inventory of logging residues, and evaluation 
of forest rtresses such as insects, diseases and pollution damage. / 
Other potential applications for range management are vegetation 
mapping, forage production estimation, monitoring effects of 
range fires, and encroachment of undesirable vegetation. 
Ths annual economic benefits which may be realized by 
improving crop forecasts, based on yielding better distributi.on 
and import/export decisions, is estimated t~ be from $247 million 
C 
to $549 million dollars; while the savings for improving rangeland 
rnanaqement, timber harvest management and multiple use allocations 
are reported to be $54.5 million annually. 
Continued advancements in sensor technology should provide 
capabilities for more frequent coverage, increased resolution, 
and better sensor signature identification to assure maximum 
user participation. Passive microwave sensors can provide data 
on several phenomena which will directly contribute to our i 
formation needs in this application area. For example, mea. 
merits of.soil moisture and ra!n would be invaluable data for 
farmers, hydrologists, meteorologists and a variety of other users. 
The moisture content of the surface soil layer is a key 
factor in the determination of plant growth and must be known 
for the effective mangement of crop production and for use as an 
input to crop yield forecasts. An accurate knowledge of the 
soil moisture will allow foresters and agronomists to manage 
crop irrigation and to provide more accurate forecasts of food 
and forest production. As an indication oE the value of con- 
I !  serving moisture or of utilizing an economical irrigation pro- 
gram, it is estimated that the conservation of an additional inch 
of available water in the state of North Dakota during the growing 
season could provide $100 nillion in direct benefits through in- 
creased crop production, plus an additional $200 million in indirect 
income within the state economy.' In addition, moisture content 
is a prime determinant of the way water is utilized in water 
sheds- and hydrologists must be knowledgeable of this parameter 
for the management of consumable water, hydroelectric power and 
for  the preparation of flood forecasts. 
The production of crops such as corn, sorghum, sugsr beets, 
wheat and potatoes, and the utilization by beef of marginal land, 
can be increased by more than 30 times** by irrigation. In many 
regions, irrigation water is provided by underwater aquif iers. rf 
the underwater aquifiers are not replenished, the resource will be 
depleted. By adequately monitoring soil moisture over a region, 
irrigation ,my be scheduled to maximize its effecti-.mess and con- 
serve valuable water resources. A limited number cf programs to 
schedule irrigation uaing soil moisture measurements are currently 
underway. These programs have reduced wlter consumption by one 
third in comparison with irrigation on a fixed time schedule -- an 
*The Effects of Added Rainfall During the Growing Season in 
North Dakota, North Dakota State Uciversity, June 30, 1974. 
* *W.  E. Splinter "Center-Pivot Irriqationn, Scientific 
American 234, No. 6, 90-00 (June 1976). 
!. 
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estimated potential savings of $100 million annually. The use of 
I spaceborne dcrowave systems for soil moisture measurements pro- 
vides a means for managment of water resources on a global basis. 
The results of previous application studies, and stated 
user requirements, have identified the measurement parameters 
considered desirable for obtaining the needed soil moisture 
data. The repeat coverage needs for soil moisture measurements 
are one per day with an accuracy goal of 2 percent and a spatial 
resolution of 2-5 km. The optimum frequencies for soil 
moisture measurements using passive microwave techniques are in the 
1.4 and 2.7 GHz regions. A range of 0-30 percent (dry weight) has 
been established as the measurement objective. 
Rain is another ixr.~ortant factor for the agriculture, forestry 
I 
and range resources management, and measurements from passive 
microwave sensors can provide much useful data. Rain measure- 
ments are also directly associated with soil moisture. Based 
on user information and measurement studies of rain using 
II 
microwave sensing techniques, the stated accuracy and resolu- 
tion requirements for rain measurements are 20 percent and 1 h, 
respectively. The desired measurement range is from 0-100 mm/hr 
with a required update rate being from once per hour to once per day. 
For optimum rain measurements, multiple frequency measurements are 
needed at the frequencies of 10.7, i5.5, 19.9 and 37 GHz in order 
to measure different rain rates and achieve the desired 0-100 
mm/hr dynamic measurement range. 
i 
2.2 Land Use Survey and Mapping 
t. , I  
Recent years have seen a growing realization that land 
I is a valuable resource, finite in amount, and that, in the public 
interest, there should be better planning of the manner in which 
land is used now and in the future. Some examples of concern 
are: whether land that is suitable for growing food should be 
be developed for alternate uses; whether sufficient land 
is being reserved for parks or other public uses; where to 
locate power plants, with due consideration for the effects that 
plants will have on the locality, and for the needs of plants, 
P -- 
such as cooling water and access to fuel; and what the long 
term effects of converting wetlands to human use are. 
1 For land resource management, satellite data may be applied to 
the inventorying of agriculture land-use, forest type mapping, subur- 
ban and urban mapping, soil erosion studies, cartographic mapping, 
identification and measurement of wetlands, and pollution snapping. 
Land ;pplications are concerned with the inventory of 
land use as an aid in planning for the most effective use of - 
the land and other resources. It involves the production of 
land use and other thematic maps and charts, and statistical 
inventory information along with appropriate prediction models 
that provide information to a variety of users. Such information 
will be of use to many international, federal, state, and local 
agencies, and private and public institutions. The degree of 
( i  
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usefulness will be dependent upon the availability, accuracy 
and timeliness of the information. According to land use plan- 
nera, the current limiting factor in the process of effective 
land use management and planning is the timely acquisition of 
relevant data. Specifically, data gathered by current means 
have limited usefulnesss in tke land use planning process 
because of incomplete coverage, inappropriate scale, poor 
reliability or lack of timeliness. 
Land use planners have estimated that it would cost states, 
regional authorities and cities approximately $250 million per 
year over the next decade if conventional means are used for 
collecting land use information. Remote sensing systems could 
supply the necessary information at significantly lower cost. 
For example, recent economic studies in land use planning in- 
dicate that economic benefits attributable to satellites 
over alternative data gathering systems would be in the range 
from $7.9 to $17 million annually. 
9 
~lthough many of the S-nformation needs of users and land 
use planners can be satisfied with visible and near infrared 
measurements, the information obtainable by microwave sensors, 
with the high resolution, all weather, day/night capability 
they offer, is desired. 
The multiple frequency measurement by passive microwave 
sensors will assist in land mapping and cartography. Lower fre- 
I quency measurements will pravide specific information for vegeta- 
tion-free cartographic mapping, whereas the higher frequencies will , 
enable differentiation between vegetation zones, non-vegetation and 
vegetation density. Such information can be closely tied to the 
determination of land types such as forest or wooded areas, moun- 
tain areas, roads, cities, park land, etc., which are primary use 
designations required by land-use planners. 
2.3 Water Resources 
Fresh water is one of the nation's most important 
assets. It is a renewable resource, but must be wisely 
conserved if we are to have adequate supplies to meet increas- 
ing demands. Sound management of water utilization is also 
necessary if we are not to affect our environmental and ecolog- 
ical balances. 
Water &ality and water use data are collected through- 
out the nation by many agencies, for use in water resources 
management and operational programs. 
Water resources applications are concerned with managing 
I' the development, use and conservation of water to assure availability for power generation, irrigation, industrial use, municipal water supply and recreation. Included in this application area are water run-off prediction? for flood ., f I I v 
prediction, hydroelectric power generation, irrigation and 
water consumption management. 
The primary application of remote sensing is to provide 
information for developing and improving hydrologic models. 
This includes locating ground water discharges and underground 
sources; monitoring lake and river ice, monitoring lakes, 
river, and reservoir water quality, assessing flood damage, 
mapping flood plains, watershed mapping and modeling, snow 
mapping and monitoring, wetlands mapping and monitoring, and 
surveying waterways for navigational hazards. 
The potential economic benefits of remote sensing from 
space have been documented in recent studies. For example, 
it has been estimated that the annual cost savings and 
increased value. in power generation and agricultural water 
supply based on improved water run-off forecasts would 
approvimate $54.6 million annually. 
* 
Passive microwave sensors can make important contribu- 
tions in this application area. Sensor measurement techniques 
can be used to determine precipitation.volumes, water content, 
snow -3lt rate, and changes in soil moisture. Each of those 
~ s r .  be important. For example, snow represents a vast hydrologic 
resource. In the Western United States, up to 80 percent of 
the usable water comes from snow melt. Snow melt provides the 
water Lesource for hydro-electric power generation, irrigation, 
, 1 
industrial use, public consumption, and recreation. Accurate 
monitoring of the amount of water in the snowpack and the rate 
of release is required for streamflow forecasting. Adequate 
stream~low forecasts during snow melt are required for the manage- 
ment of reservoir levels to store water and prevent flooding. 
In regions where the primary water resource is snowmelt, 
water that is lost due to inadequate storage facility manage- 
ment cannot be recovered for future use. Remote means are 
required to determine snow water content and the amount of water 
within the snow pack. These measurements must be made separately 
for each drainage basin. Satellite borne radiometers with a 
2-5 km spatial resolution are required to provide the service 
I 
on a global basis. 
Multiple frequency measurements are desired for snow 
depth, extent and water content measurements. The desired fre- 
quencies forwpassive microwave sensing of snow include 1.4, 2.7, 
10.7, 19.9 and 37 GHz. Users have indicated an update rate of 
one per day with an accuracy of 2 percent, and a range from 0-20 
percent free water content. 
Lake ice measurements represent another potential infor- 
mation source for water resource scientists, managers, and 
users. Large lakes such as the Great Lakes are valuable 
national resources, not only as water sources, but as key transpor- 
tation routes for bulk commodities. In northern regions, the lakes 
may be frozen for a significant period of time, a factor which 
limits their usefulness. A better understanding of the lake 
ice morphology is necessary to develop techniques to extend 
the shipping season; an extension of the St. Lawrence Seaway 
seasoc for even a few weeks would have a significant economic 
impact.* Remote observations of the thickness and structural 
changes in the ice are required to forecast ice breakup and weak 
points for ice breakers. Microwave radiometers provide a means of 
sensing the structural properties of the ice under both clear and i #' 
cloudy conditions,** thus providing a means for the effective manage- - 
ment of this aspect of water resources. The spatial resolution re- 
quired for measurements is 2-5 km, with a daily update rate. 
2.4 Weather and Climate 
The use of satellites in the observation and prediction 
of the earth's weather represents one of the earliest of all 
* 
space applications. Many advances have been made in long . 
range weather and climate forecasting and weather hazard pre- 
diction on the basis of the satellite acquired data, but 
significant improvements in this discipline area can be realized 
through microwave remote sensor systems capable of performing 
long term observations. 
* Helewicz, J., 1976: "Arctec Would Corral Sea Ice", 
The Baltimore Sun, June 27, 1976 (Section K). 
' .I 
I ** J. C. Blinn, 111, "Microwave Measurements of Ice Thickness", 
Environmental Research & Technology, Inc., Final Report 
JPL Contract 953748, Concord, Mass. 01742, February 1975. 
Long range predictions are now receiving much attention, 
I and their importance justifies continued emphasis. Information 
from satellite systems, combined with earth-based observations, 
will make it possible to monitor, on a long-teim basis, many of 
the physcial factors considered by clinatologists to be critical 
in establishing the mean and statistical states of the atmosphere. 
Many of these factors are manifested in effects on the radiation 
balance of the land-ocean-atmosphere system -- included are the 
measurement of solar radiation, the determination of the earth's 
radiant energy retention capability (albedo), the measurement of 
outgoing infrared emissions, and the heat content of the mixing 
layer at the surface of the oceans. These measurarnents will 
ultimately be needed to relate the earth's energy budget to mea- 
surements of the states of the atmosphere, such as the nature and 
I the distribution of cloud cover, and the vertical structure of 
temperature and water vapor. 
Prediction of local weather for periods of up to two hours 
is also becbming increasingly important to the decision-making 
processes of a wide variety of users in the construction, off- - 
shore drilling and other industries. Knowledge of weatk?r and 
climate also is essential in assuring adequate food supplies. 
For example, prediction of soil moisture, rainfall, snow, 
snow melt and run-off would be useful in agriculture and 
hydrology. 
The wide demand for present weather data and the will.ingness 
of users to invest in the necessary ground equipment has been 1. 
demonstrated by the extensive use of the Automatic Picture 
Transmission (APT) system, now part of the NOAA satellite 
series. Over 1000 users purchased or constructed specialized 
ground equipment in order to receive APT pictures. This 
represents a total voluntary expenditure of approximately 
$10 million. Because this information is obtained from low 
altitude satellites, it is available at any given location 
about twice daily. The continuous flow of data from planned 
geostationary satellite systems could increase many fold the avail- 
ability of present weather information. The requirement for rapid 
response essentially precludes the centralized processing now in 
cse. Many users will need low-cost receiving and processing 
1 terminals of their own. An advanced geostationary satellite, with 
high resolution imaging and sounding capability (for which the 
technology is being developed), would permit such applications. 
New nesds and economic benefits related to weather and 
climate prediction are much broader than heretofore believed, and 
involve a much broader range of users than just the weather fore- 
casting community. The weather not only affects individuals on 
a daily basis, but affects groups of users as well. For example, 
in agriculture, farmers throughout the world are concerned with 
weather and a number of decisions are made by farmers daily 
In a localized case study, it was found that the economic benefits 
to hay users in the state of Wisconsin alone was $88 million per 
year. These flgures are based on optimum predictions and decisions 
that are weather dependent. Another example is the highway con- 
struction industry which needs accurate predictions for decisions 
such as when to pour concrete, do earth work and when construction 
workers cannot work due to weather conditions. 
In another benefit study, cargo and shipping losses caused 
by weather were estimated to be $500 million annually. Represen- 
tatives of the maritime community involved in the study concluded 
that improved wave and weather forecasts, which space systems might 
make possible, could permit important reductions in these losses. 
'I . They further concluded that improved routing which space-based 
navigation could make possible, would permit important additional 
savings in the $450 million fuel cost currently experienced in 
transatlantic service by the U.S. flag fleet. World-wide, such 
benefits cobld be accrued by all shipping nations. 
Weather and climate applications include the three major 
areas of: 1) Weather Prediction, 2) Climate Monitoring and 
Prediction, and 3) Weather Danger and Disaster Warning. Remote 
sensing techniques can be used to determine the actual structure 
of the atmosphere globally which, when supplemented by simula- 
tion techniques, models and other observations, will provide 
the required data for weather forecasts. Other applications 
include monitoring indicators of regional and global climate 
changes, including solar inpout, radiation budget, ocean-atmosphere 
interactions and atmospheric gas and particulate variability. 
For Weather Danger and Disaster Warning, remote sensing systems 
can be used for continuous observations of atmospheric features 
to permit early identification and quantitative measurement of 
atmospheric conditions condusive to the formation of tornadoes, 
thunderstorms and hurricanes. 
Impcrrtant measurement parameters that microwave sensing 
systems can contribute to the weather and climate applications 
are discussed in the f~llowing paragraphs along with the 
specific requirements. 
Micrgwave observations at frequencies below 30 GHz are 
relatively insensitive to clouds and are useful for surface 
observations under both clear and cloudy conditions. Clouds, 
especially large areas of stratiform clouds, are detectable 
at higher microwave frequencies; these cloud observations are 
required for use in weather and climate forecasts. The effects 
of clouds on measurements made at the higher microwave fre- 
quencies must also be known in order to interpret the measure- 
ments correctly. 
Cloudiness provides a tracer of atmospheric moticn; it in 
important for studying climatic changes and is an important 
input for studies of atmospheric dynamics. Information on 
cloudiness is equally important for the development of future 
short-range forecasting schemes. Current infrared temperature 
sounding systems are adversely affected by clouds, and infor- 
mation from combined microwave and infrared sensors are required 
to interpret the data adequately in order to provide temperature 
profiles. 
Cloud measurement requirements specified by users include 
2 2 
a desired range of 0-3 gm/m /km and an accuracy of 0.3 gm/m /km. 
A spatial resolution of 1 km is required. The desired frequencies 
for passive sensing are 37 and 90 G H z ,  and update information is 
needed every 6 hours. A number of competing effects which must 
be corrected for are soil moisture, snow, lake ice, sea state, 
surface temperature, water vapor and atmospheric temperature. 
Rain is another important phenomena that can be measured 
by passive microwave sensors. Rain is an important water 
resource for agriculture and provides water for industrial use, 
public consumption, and recreation; it can also represent a 
potential hazard due to flooding. Rain is an important tracer 
of atmospheric processes, and provides an indication of the 
latent heat energy release that drives atmospheric circulation. 
Rainfall data are required overland for water management and 
over the oceans for weather and climate forecasts. 
. . 
The accurate measurement of rainfall on a global b a s h  is 
possible using multifrequency microwave radiometers that provide 
nearly constant surveillance of all areas.* Observations of 
rain as a tracer of atmospheric dynamics can be routinely made 
using microwave observations both overland and ove- the oceans. 
Thes? latter measurements are required only one to four times 
per day for input to weather forecasting schemes. 
Multiple frequency measurements for differing rain rates 
are desired. Measurements can be performed at 10.7, 15.5, 19.9 
and 37 G H z .  The user requirements include an overall range re- 
quirement of 0-100 rnm/hr with a 20 percent accuracy. A spatial 
resolution of 1 km is desired with an update rate of once per 
hour to once per day. Other parameters or effects relating to 
these measurements include soil moisture, snow, lake ice, sea 
state and surface temperature. 
Water vapor also plays an important role in the energetics 
of the atmosphere and climate behavior. Water vapor profile 
measurements are required for short-range forecasts, and total 
integrated water content measurements are required :or long- 
range and climatological forecasts. 
*~adiometric measurements at a single frequency have a limited 
dynamic range. To extend the dynamic range simultaneous 
measurements must be made at a number of frequencies between 
10 and 37 G H z .  If overland measurements are to be made, 
observations should be made at even lower frequencies. 
Water vapor p r o f i l e s  may be r e m o t ~ l y  measured by e i t h e r  
i n f r a r e d  o r  microwave radiometers.  Microwave radiometers pro- 
vide t h e  only  means f o r  making o b u e r v a t i m s  dur ing per iods  of 
c loudincss .  For adequate invers ion  o r  i n t e r p z e t a t i o n  of t h e  
microwave water vapor observa t ions ,  radiometr ic  measurement of 
cloud water conten t  is  a l s o  required.  Also, s i n c e  absorpt ion 
and emission by atmospheric water vapor occurs  wi th  varying 
i n t e n s i t y  over t h e  e n t i r e  microwave frequency region,  observa- 
t i o n s  c,f t h e  su r f ace  a t  o t h e r  f requencies  ax; a f f e c t e d  by water 
vapor, and'measurements of a t  l e a s t  t h e  t o t a l  2 r e c i p i t a b l e  water  
a r e  requi red  f o r  t h e  c o r r e c t i o n  of o t h e r  measurements. 
I There are c l a s s e s  of  s a t e l l i t e  observat ion systems t h a t  a r e  
~ 
requi red  f o r  weather and c l imate  app l i ca t ions .  Low ~ ~ r b i t i n g  
s a t e l l i t e  observa t ions  wi th  downward (nad i r )  viewing radiometers 
i i n  t h e  15-32 GHz range are necessary ~u provide d a t a  wi th  high 
! s p a t i a l  r e s o l u t i o n  c l o s e  t o  t h e  e a r t h ' s  surface .  Geostat ionary 
1 sate l l i te  observat ions  i n  t h e  182-185 GHz range a r e  necessary t o  
e 
l 
I provide da t a  with high update rates and adequate o p a ~ i a l  reso- 
l u t i o n s .  Limb scanning (above t h e  horizon) observat ions  on 
, low o r b i t i n g  s a t e l l i t e s  a r c  a l s o  requi red  i n  o rder  t o  provide 
water vspor p r o f i l e s  i n  the s t r a to szne re .  Limb scanning ob- 
s e rva t ions  w i l l  u t i l i z e  t h e  182-185, 323-330 and 375-585 GHz 
I ranges. 
/ 
The requirements for low orbiting nadir observations include 
! I  a 0-7 gm/cm 2 range for total precipitable water, with an accuracy 
2 of 0.3 gm/cm , and a spatial resolution of 2 km for over-land 
measurements and 20 km for measurements over the ocean. Mul- 
tiple frequency measurements are essential to nadir profile 
measurements, and the bands of interest include 15.5, 17.9, 19.9, 
21.2, 22.2, 24.0, and 31.5 GHz. The desired update rate for 
L 
these measurements is twice per day. There are several competing 
effecx which must be considered which include soil moisture, snow 
morphology, lake ice, sea state, sea ice, clouds, rain and atmos- 
pheric tempzrature . 
The observation requirements for geostationary nadir mea- 
surements are somewhat different although the range and accuracy 
I 
are the same as in low orbiting nadir observations. A spatial 
resolution c c  from 20-100 km is adequate with an update rate of 
four times per day. Multiple frequency measurements are required 
within the band of 182-185 GHz to provide profile data. Competing 
8 
effects with these measurements include temperature, clouds and 
rain. 
Measurement requirements for the low orbiting limb sounder 
observations include a range of .001-. 1 gm/m2 and an accuracy of 
0.001 gm/m2. A spatial resolution of 100 x 300 km (horizontal) and 
1 km (vertical) is required. Multiple frequency measurements 
within the band are desired over the range of 182-185, 
320-330, and 375-385 GHz. The update rate specified is four 
times per day. The only strong competing effect for these mea- 
surements is temperature, which is discussed in the following 
paragraphs. 
A large number of temperature and wind profile measure- 
ments at locations distributed uniformly over the surface of 
the earth are required for weather forecasting. At a minimum, 
temperature profile measurements are rquired at a large number 
of locations. At present, balloon carried sensors (radiosondes) 
provide the required observations over land areas, and satellite- 
borne infrared radiometers are used to generate temperature 
profiles over the oceans. However, infrared observations are 
often contaminated by clouds, while microwave data can provide 
the required data under all weather conditions. 
Temperature soundings are calculated by inverting radiometric 
observations made simultaneously at a number of frequencies - 
within the molecular oxygen rotation lines between 50 and 70 
GHz or near the isolated line at 118.75 GHz. Observations are 
required at different frequencies to provide different altitude 
weighting functions* for sensing temperature variation with 
height. Observations made at frequencies with high absorption 
values (near the peak of the lines) provide information about 
, 
3~taelin, D. H. (1969): "Passive Remote Sensing at Microwave 
Wavelengths", Proc. IEEE, 57 427-439. 
temperature high in the atmosphere; observations at frequencies 
with leas absorption (further from the peaks of the lines and 
typically in the valleys between the lines) provide information 
about temperature at lower altitudes. 
There are three classes of satellite observation systems 
that are required. Low orbiting satellite observations with 
downward (nadir) viewing radiometers in the 50-70 GHz region 
are necessary to provide data with high spatial resolution close 
to the earth's surface. Geostationary satellite observations 
at frequencies between 114 and 124 GHz are necessary to provide 
data with high update rates and adequate spatial resolution. 
Limb scanning (above the horizon) observations on low orbiting 
satellites are required KO provide temperature profiles in the 
stratosphere. Limb scanning observations will utilize frequencies 
in the 50-70 G R z  region as well as those above 100 GHz 
The requirements for the low orbiting nadir observations 
include a range of -70 to +30°C with an accuracy of 1°C. A 
spatial resolution of 2-20 km is desired with an update rate of 
twice per day. Multiple frequency measurements are required, 
and more than four separate frequency bands in the 50-70 GHz 
band are needed to provide a range of weighting functions for 
different altitude measurements. Effects which compete with these 
low orbiting nadir observations include clouds, rain ar.4 water 
vapor. a 
For the geostationary nadir observations a -70° to +30°C 
range is required with an accuracy of 1°C. A spatial resolution 
of 20-100 km is essential, with an update rate of four times par 
day. Multiple frequency measurements within the band of 114-124 
GHZ are essential for profiling. Several competing effects 
exist which include water vapor, clouds, and rain. 
- 
The requirements for low orbiting limb sounding include a 
range of -70° to +lO°C with an accuracy of 1°C. A spatial 
resolution of 160 x 300 km (horizontal) and 1 km (vertical) is 
required, with an update rate of once per day. Multiple mea- 
surements are required within the bands of 50-70 GHz and 110-126 
GHz for profiling. The primary competing effect in these mea- 
surements is water vapor. 
2.5 Environmental Quality 
There is major evidence that the earth's environment is 
being advehely affected by man. The growth of the earth's 
population, the tremendous increase in industrial activity, and 
the concentration of people in cities and expanding metropolitan 
areas have brought major problems i:l maintaining the quality of 
the physical atmosphere and an adequatn supply of quality 
water. 
Laws recently enacted at thc federal and state levels, to- 
gethzr with action programs at the federal, state and local 
government levels and by industries, are moving the nation at 
an accelerated rate to a cleaner physical environment. An 
implementation schedule has been established that calls for 
most of the goals to be met within 10 years. It has been 
estimated by environmental specialists that in excess of $100 
billion will be spent during L..e next decade for pollution 
ccnt YO 1. 
Current and evolving remote sensor systems could contribute 
to achieving the national environmental goals, and meet the 
needs of major users of environmental quality data. Substantial 
progress has been made in developing sensors and systems for 
air quality monitoring in the stratosphere. In contrast, how- 
ever, progress in developing sensors and systems for 1-mitoring 
the lower atmosphere and monitoring water quality is lagging. 
There is an immediate need to use state-of-the-art technology 
e 
and to place in operation improved and expanded air and water 
quality monitoring programs to meet regulatory requirements. 
The troposphere is the lowest major layer of the atmosphere, 
extending from the earth's surface to an altitude of about 12 
km. It is in this lower layer of the atmosphere that most of 
the important processes affecting atmospheric pollution, as 
well as weather, occur. Most of the first-order effects of 
airborne pollutants experienced by man, plants, and animals are 
highly dependent upon the dispersion and dilution capacity of 
the troposphere. A temperature inversion layer just above 
the troposphere acts to some extent as a cap or lid on the mixing 
layer. The most immediate air quality problems involve sensing 
and controlling the pollutants in the layer of the troposphere 
nearest the earth. 
Sensors on the earth's surface, in aircraft and in space- 
craft can be used for monitoring the troposphere to assess, on 
both regional and global scales, the impact of air pollution 
and of air quality control. Passive microwave sensors can 
provide capabilities for all weather, day ahd night measure- 
ments, and for measuring the vertical distribution of pollutants 
from the ground up. 
In the stratosphere, tne region of the atmosphere from 
about 12 km to 50 km above the surface of the earth, space-borne 
sensors can also contribute valuable data. The stratospheric 
ozone layer filters ultraviolet radiation from the sun 
that is hasmful to most forms of earth life. There are grow- 
ing concerns about the potential for effecting significant 
changes in the world-wide climatic conditions through the intro- 
duction of both trace gases and particulates into this protective 
barrier of the planet. Several basic properties of the strato- 
sphere make it sensitive to the injection of trace gases and 
particulates of both man-made and natural origin. Since photo- 
chemical processes that determine the ozone content are not well 
understood, it is conceivable that the introduction of new materials, 
or the increase in quantity of chemical forms, leading to new equi- 
librum values could significantly alter the protective ozone barrier. 
Over the next decade, emphasis must be given to monitoring 
the environmental quality of the stratosphere on a global scale 
with emphasis on measurements of stratospheric species, both 
gases and aerosols, and on the species involved in ozone chemistry. 
Additional measurements should be directed at determining the 
impact of man-made pollutants on significant stratospheric 
natural processes. 
Measurements of the concentrations of atmospheric trace 
constituents and their variation in space and time are required 
to evaluate the effects of man on the stratosphere and troposphere. 
Passive microwave remote sensing can provide information about ozone 
( O j ) ,  nitrous oxide (N20) and carbon monoxide (CO) . The cur- 
rent controversy over the use of aerosol sprays and the deple- 
tion of the ozone layer arises in part from a lack of data 
on ozone content and variation. A real depletion of the ozone 
layer may cause an increase in the occurrence of skin cancer. 
Microwave observations are required to provide daily observa- 
tions of ozonP concentrations. Similarly, the trace constituents 
N20 and CO should be monitored to establish background levels 
to assess the effects of these pollutants. 
Molecular oxygen, water vapor, ozone, nitrous oxide, and 
carbon monoxide all have rotation lines in the 100 to 300 GHz 
region. Limb scanning observations of emissions at frequencies 
centered on the rotation lines and in the valleys between lines 
are required to provide altitude distributional information on the 
trace constituents in the stratosphere and troposphere. The spa- 
tial resolution requirements for limb scanning of ozone, nitrous 
oxide and carbon monoxide masurements are 100 x 300 km (horizontal) 
and 1 km (verticalj. Update rates required for ozone are 1 per day, 
while the specified rate for nitrous oxide and carbon monoxide 
are once per week. The required line frequencies for ozone 
are 110.83, 124.09, 184.38, 235.71, 237.15, 239.09, and 364.43 
GHz. For nitrous oxide, measurement frequencies include 125.61, 
150.7, 175.86, 200.97, 226.1, 251.2, 276.3 and 301.4 GHz. The 
required line frequencies for carbon monoxide are 115.3, 230.5, 
345.80 GHz. The primary competing effect for each of these 
is water vapor. 
2.6 Marine Resources, Estuarine and Oceans 
Water has a fundamental impact on the welfare of mankind 
and its very existence. Water covers more than two- 
thirds of the earth's surface. The oceans dominate the earth's 
weather systems and are tne source of vast quantities of food 
and other natural resources. Furthermore, ocean commerce is 
of crucial importance tu man's capacity to maintain or enhance 
his quality of life. 
Remote sensing technology can provide data for, and 
assist in: 
(1) the efficient management of living marine 
resources, 
(2) the efficient and effective management of 
activities within estuarines and coastal zone 
regions, 
( 3 )  the effective use of the oceans as transportation 
routes, and 
( 4 )  the meaningful contribution toward the advancement 
of the basic sciences of marine biology and 
oceanography. 
Estuaries and coastal zones play an important role in the 
productivity of coastal regions by serving as home, nursery, 
and breeding grounds for many species of fish and shellfish 
that are important as food crops. Practically cll sports fish 
and 65 percent of all commercial fish are estuarine dependent,* 
spending at least some of their life in estuarine waters. 
The habitat for these species is principally determinee by 
the salinity and temperature of the waters. Oysters, for 
example, can tolerate a wide range of salinity but produce 
best within a limited salinity range. Large influxes of 
fresh water stimulate shrimp stock perhaps by salinity 
change, and perhaps by 'the nutrients carried by the fresh 
water. 
Report by the Secretary of the Interior to the U.S. Congress, 
"National Estuarine Pollution Study", Senate Doc. 91-58 
(1970). 
From 1959 to 1969, imports of fishery products accounted 
for 19 percent of the total deficit in the U.S. balance of 
payments. In the late 19508s, the annual deficit was on 
the order of several hundred million dollars. Currently 
about 70 percent of fishery products used in the U.S. are 
imported, and the deficit is about $1.5 billion per year. 
An increase in the productivity and protection of fisheries 
in our own coastal waters would reduce U. S. dependency 
on other nations. Remote sensing techniques can be of 
benefit in (I) understanding fisheries-related biology to 
conserve fish stock and establish maximum sustainable yields 
for the stocks, (2) enforcing international and other conven- 
tions and agreements related to fisheries, arid ( 3 )  forecasting 
environmental conditions best suited for specific species of 
fish to determine the most likely location of schools. 
Remote measurements of salinity are required to monitor 
habitat change and to forecast fish and shellfish porulation 
levels. Microwave measurements are required to provide the 
salinity data under both clear and cloudy conditions. Measure- 
ments of surface salinity within the small confines of estuaries 
implies a spatial resolution limitation for the sensors. 
However, microwave systems can provide salinity data integrated 
over areas with a characteristic length of 2-5 km, and the 
observations are useful for assessing and monitoring habitat 
change. 
In the open ocean, salinity ehows relatively small 
I 
change with time and location. Local changes, however, can / I  
occur after major storms or as a result of large-scale 
r 
I circulations. Salinity and temperature serve as tracers of 
these large-scale ocean currents, and their measurement is 
important for climate forecasts. Microwave radiometry 
provides the only routine method for the acquisition of 
salinity data of the open oceans on a global basis. 
1 The specified range for estuarine salinity measurements 
is 10-35 parts per thousand, with an accuracy of 2-5 parts 
per thousand, a spatial resolution of 2-5 km. The 
optimum frequency is 2.7 GHz. An update rate of once per 
week is required. For ocean salinity the range is 
I 30-36 parts per thousand with an accuracy of 0.2 parts 
per thousand. The optimum frequency for these measurements 
is 1.4 GHz, with a 20 km spatial resolution. The competing 
effects for such measurements include surface temperature, 
sea state, water vapor, clouds and rain. 
Microwave passive remote sensors can also provide data 
on surface temperature. The habitat of' fish and shellfish 
within an estuary and coastal zones is determined principally 
by the salinity and temperature. The preferences of some 
commercial fish species for a limited range of water temperatures 
is well known to fishermen. The rapid detection of coastal 
water mass boundaries (ocean fronts) and coastal upwellings of 
/ nutrient rich, cold subsurface water is required for the 
optimum deployment of fishing vessels. Detection of thermal 
I 
anomalies is also required for warning of natural hazards to 
coastal regions such as the so-called "red tide", a sudden 
i 
growth of toxic dinoflagellate blooms which seriously affect 
the economv of the shellfish industry. Also, water temperature 
1 is a tracer of water circulation, and as such can be used for the 
I detection of thermal pollution and the enforcement of environ- 
mental regulations. 
Ocean surface temperatures are also measureable. These 
temperatures act as a tracer of ocean circulation and can be 
used to identify or mark upwellings where colder, nutrient 
rich water is forced to the surface. Temperature distributions 
affect the abundance and distribution of marine organisms, 
which in turn affect the commercial fish population. Routine, 
t clear and cloudy weather observaticns of the variations in 
sea surface temperature are needed for the optimum deployment 
of fishing vessels. The data are also required for long-range 
weather forecasts. Satellite-borne microwave passive remote 
sensing of sea surface temperature c2- provide the routine 
observations over the entire globe that are needed for 
weathar forecasting and ocean fishery resource management. 
Estuarine, coastal and ocean surface temperature measurements 
are needed over a range of 0-30°C to an accuracy of O.S°C. The 
spatial resolution for estuarine measurements is 2-5 km at a 
frequency of 5.0 GHz.  Update rates of once per day are essential. 
For ocean surface temperature measurements, a 20 km spatial 
resolution is required, with the optimum frequency being in the 
6.5-7.0 GHz region. The competing effects in these measurements 
are s-a state, water vapor, clouds, and rain. 
The term 'sea state" has been used widely for describing 
the characteristics of the ocean surface as modified by the 
wind. It is also known that a marked variation in microwave 
brightness temperature results from variations in the ocean 
surface conditions. Thus, there is the potential for huge 
savings through the use of microwave radiometers for mapping 
the sea state over large areas on a routine basis. For 
example, fixed installations such as offshore drilling platforms 
placed in estuaries or,in the vicinity of continental shelves 
are exposed to the huge stresses caused by high seas. Thus, 
sea state data are needed ior hazardous situation warning 
and tor the compilation of statistical data for the design 
of structures to withstand the stress. The current high 
f4ailure rate of offshore structures is a testimony to the 
requirement for improved data. Passive microwave sensing 
systems have the capability of providing the required sea 
state data under nearly all weather conditions on a routine, 
global basis. Moreover, since the sea state affects measure- 
ments of salinity and temperature and the detection of oil 
slicks, sea state measurements must be made in order to inter- 
pret correctly the observations at other frequencies. 
Microwave remote passive sensing of sea state at a 
number of frequencies over the open ocean can provide suriace 
wind speed data under all weather conditions for long- and 
short-range forecasts of weather and wave cmditions. It 
is known that rough seas can seriously reduce the speed of 
ocean transports. Many of these ships have operation costs 
in excess of $50,000 per Gay; consequently, knowledge and 
forecasts of sea state which result in more rapid and improved 
transportatim is of encrmous economic benefit. 
Major ocean storms such as typhoons and hurricanes can 
be remotely sensed and their position determined from the 
spatial wind speed pattern. This information is critical 
for typhoon and hurricane warning. The general clo~ds and 
rain patterns associated with tropical storms can be sensed 
with visval, infrared m d  microwave radio~eters. Only 
microwaves, however, provide all the weather surface windspeed 
sensing capability reqaired to assess the severity of the 
storn. As noted previously, sea state measurements are 
required to correct measurements of salinity and water 
sarface temperature, and overwater observations of clouds, 
water vapor profiles, and atmospheric tempratures. 
The optimum frequencies for sea state (wind speed) measure- 
ments are 10.7 and 19.9 G H z .  The measurement range for estuarine 
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I sea state (wind speed) measurements has been specified to 
be 0-30 m/sec. with an accuracy of 2 m/sec. A spatial 
1 resolution of 2-5 km is needed, with an update 
I rate of once per day. For ocean sea state measurements, 
a range of 0-40 m/sec. at an accuracy of 2 m/sec. is 
required. A 2-20 km spatial resolution is needed, with an 
update rate of once per every 6 hour period. The basic 
competing effect in these measurements is rain. 
I 
Ice extent, thickness and type are also measurable at 
microwave frequencies. Ice presents a hazard to marine 
transportation in various parts of the continental U.S. and 
in Alaska. The Great Lakes, the U.S. central river system, 
and New England are 'becoming increasingly important to the 
transportation of commodities. Nearly all iron ore which 
moves in the Great Lakes region is carried by ship. Signifi- 
cant amounts of wheat, oil products, coal, and finished 
I 
goods also move across the region by ship. Most vessels 
operating in t h ~  U.S. are not designed to operate unaided 
through ice-covered waters, and ice-breaking service is 
provided, usually by the federal government (U.S. Coast 
Guard). Therefore, capabilities to determine ice coverage, 
clear water passages, pressure ridges, and ice thickness 
are important to success in extending the navigation season. 
An interim report* on the extension of the St. Lawrence and 
Great Lakes navigation season beyond the December 15 closing 
date shows the following estimated economic gains: 
P 
i *U.S. Army Corps of Engineers. Great Lakes Navigation Season 
Extension. Winter Navigation Board, Special Status Reports, 
U.S. A m y  Corps of Engineers, July 1974. 
- Gain in Millions of Dollars 
~avigation season extended to Jan. 31 Feb. 28 Year round 
These gross estimates are based on a number of factors including 
improved ice surveillance, better data ana1.ysis and better predic- 
tion, all-season aids to navigation, and increased icebreaking 
activity. 
In the Arctic and Antarctic, ice-breaking has historically 
been conducted in support of scientific investigations and, 
to a limited degree, in military operations. Recent discovery 
of oil deposits on the Alaskan north slope, coupled with the 
political and economic 'ramifications of a dependency on Middle 
East oil supplie.~, has spurred activity in the far north. 
Scientific and geological surveys, commercial oil drilling, 
ocean transport, and supporting icebreaking requirements in 
high latitudes will place increasing emphasis on all-weather 
sensing to predict ice extent, polynyas, ice thickness, 
pressure ridges, and the discrimination of new ice from 
multi-year ice. 
Microwave measurements can provide ice thickness 
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observations under both clear and cloudy conditions. Remote 
sensing at visual and infrar . frequencies provide information 
on ice location, but only microwave sensors can provide observations 
during the period of ice breakup when clouds regularly obscure 
the surface. Microwave measurements provide the only means 
to sense ice thickness quantitatively. Data is required to 
provide this information on a routine basis for all global 
regions north of 50°N and south of 50°S, where sea ice is 
important to navigation. 
The measurement requirements for ice thickness include a 
range of 0-1 meter and an accuracy of 0.2 meters. A 20 km 
spatial resolution is needed and an update rate of once per 
day is desired. The optimal frequency for ice thickness 
measurements is 1.4 GHz. Ice type measurements are also 
1 desired. A spatial resolution of 2-20 km has been specified, 
with a once per day update rate. Multiple frequency measure- 
ments are needed for ice type discrimination, with the primary 
frequencies being 10.7, J9.9 and 37.0 GHz. The primary 
competing effects in ice thickness and ice morphology measure- 
ments are rain and snow cover. 
Some forms of sea pollution are also measureable at 
microwave frequencies. An example is marine oil spills, 
all important form of pollution. The oil affects the pro- 
duction of the smaller marine organisms that develop near 
the ocean surface. These small marine organisms are important 
I links in the food chain leading to commercial fish stocks. 
I 
Also, oil floating on estuarine water is an insidious form 
of pollution that affects commercial fishing, wildlife 
habitat, and recreation. 
The USCG has observed marked decreases -- up to 25 percent -- 
in the nwnker of oil spills when continued surveillance of crjtical 
areas has been employed.* Although much of this decrease can be 
attributed to increased attention to handling and transfer methods, 
the fact that better and more complete surveillance is being con- 
ducted tends to dissuade the intentional polluter. The cost of 
daily observation of certain harbors and waterways with existing 
vessels and aircraft by the USCG is estimated to be between $2 
million and $4 million annually. The cost may exceed $18 million 
annually if a dedicated system for surveillance of pollution is 
extended to all major U.S. continental lakes and coastal waters. 
At present, high-resolution radar, imaging microwave radiometers, 
and multispectral low-light-level television are being installed 
on aircraft for surveillance in low-altitude flights. It is 
estimated that yearly costs could be decreased by about one-third 
or one-half through the use of sensor systems which can detect. 
2 
surface oil of 1,000 m or greater. 
Passive microwave sensors on low orbiting satellites are 
capable of detecting and measuring the thickness of oil spills* 
of more than 0.2 km spatial extent. Microwave measurements can 
*Gerhard, Glen: A Study of the Cost Effectiveness of Remote 
Sensing Systems for Ocean Slick Detection and Classification. 
National Sea Grant Program, U.S. Coast Guard, Washington, D.C., 
1972. 
make timely oil spill detection under both clear and 
cloudy conditions. Timely detection is important in remote 
regions, both for the effective enforcement of environmental 
regulations and for the initiation of effective corrective 
action. 
Passive microwave observations with a resolution of 
2 km are required to monitor the occurrence of marine oil 
spills on a daily basis. The frequencies necessary for 
these measurements are 37.0 and 90.0 GHz. The competing effects 
are sea state, rain and water vapor. 
2.7 Summary 
A review of the applications, remote sensor needs and 
measurement requirements for passive microwave sensors outlined 
in the previous.paragraphs indicates that a natural alationship 
can be established. Table 1 is a matrix of the relationships 
of the various applications areas and the types of information 
which would benefit each application area. From this chart 
it can be seen that much of the data from the measurements 
and phenomena of interest can be used in a number of applica- 
tions areas. 
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3. MEASUREMENT CONSIDERATIONS AND FREQUENCY REQUIREMEIJTS -
li 
Remote sensing is the observation, measurement and 
interpretation at a distance of the physical environment 
through the use of electromagnetic radiation. Physical 
parameters that can be determined remokely are spatial 
distribution, spectral distribution, polarization, temporal 
variation, and variations of the above factors with angle 
of observation. 
In the microwave region, 1.0 to 300 mm (300 GHz to 
1 GHz), thermal emission, which is dependent on the emissivity 
and physical temperature of matter, can be observed. 
Radiometers measure the apparent temperature averaged over 
1 all objects within the antenna's coverage. Apparent tem2era- 
ture.is the overall measured "brightness" temperature from 
all objects. Considering only one object at temperature T, 
and no intervening atmosphere, the b-ightness temperature TB 
* 
equals : 
where E is the emissivity of the object. 
Since an earth-viewing radiometer measures radiation 
emitted and reflected from the earth and the atmosphere, 
measurement of one is complicated by the other's presence. 
Also, every form of matter has a differing emission spectrum. 
f 
Molecules, for example, have emission (and absorption) 
spectrum relatively narrowly confined about a frequency which 
is determined by the quantum mechanic relationships for that 
molecule. On the other hand, matter which is composed of 
many molecules, such as land, has a very broad emission 
spectrum which is the sum of the complex interactions of 
all the molecules in the particular matter. 
Theoretically, the best method of recognizing various 
forms and concentrations of matter, would be to utilize a 
spectrum analyzer that covers the whole microwave spectrum. 
Since this is impossible, sensing is necessary in frequency 
areas where.the phenomena exhibit high responses relative to 
competing effects. For example, when measuring surface 
phenomena such as soil moisture or sea state, the time vary- 
ing absorption effects of atmospheric water vapor can mask 
the desired measurements. If, however, the water vapor 
concentrations and hence absorption effects, were measured 
separately, then such masking effects could be removed. 
. 
Consequently, there is an interrelationship between all 
phenomena that if accounted fo-, would improve the accuracy 
and utility of the measurements. Table 2 illustrates the 
interrelationships for various phenomena. The letter 
P in the Table i~dicates that the phenomena exhibits a strong 
emission at the designated frequency and, hence, is considered 
a primary measurement. Table 3 presents a matrix of these 
desired measurements and various competing effects which need 
to be simultaneously measured in order that highly accurate 
primary measurements can be made. 
an. a a 

Thore frequencies in the 20-24, 50-701 and above 100 GHz 
provide atmospheric measurements. The frequencies chosen 
allow for the profiling of the constituent of interest 
through measurement on and around molecular resonance lines. 
Profiling measurements allow for determination of vertical 
distributions of molecules of interest. Such profiles 
provide information on such phenomenz as fluorocarbon migr2tion 
to the stratosphere and the consequent interaction, and deple- 
tion, of ozone. 
A number of frequencies are also specified for rain 
measurements - these are required to provide an adequate 
dynamic range for high spatial resolution observation over 
a wide range of rain rates. 
Since land and sea phenomena to be measured produce 
broadband responses, the frequency of the center of each 
band is not critical. What is important is the general 
location of each band in the frequency donain, due to the 
high sensitivity to the phenomena, and the number of separate 
frequency bands. Only 11 bands have been requested for land 
and sea k3enomena. 
In conclusion, passive microwave remote sensing is a 
powerful new tool for the management and conservation of 
the earth's resources. It is important for future generations 
that the required frequency bands be protected, to the highest 
practical limit, from significant contamination. The following 
section8 address t h i s  problem through sharing analyses with 
current and proposed services  i n  the requested passive 
aens ing bands. 
CHAPTER I 
PART B 
SUMMARY OF REQUIREMENTS, UNIQUE ASPECTS 
AND SHARING ANALYSES OF REQUIRED FREQUENCY BANDS 
SECTION 1 
FREQUENCY BAND 1.3-1.427 GHz 
ANALYSIS OF PASSIVE REMOTE SENSING 
REQUIREMENTS IN THE 
1.3-1.427 GHz BAND 
1.1 ALL-TIONS 
I The existing allocations and proposed changes in the 
1.3-1.427 GHz frequency band are given below for ITU Regions 
1, 2, and 3. Underlined items indicate proposed additions, 
l 
and dashed items indicate proposed deletions. 
-- 
Xegion 1 Region 2 Region 3 
I 
NON-GOVERNMENT 1 I 
i ' 1300-1350 AERONAUTICAL RADIONAVIGATION MOD 346 Aadiolocation I 
- 346A 347 348 MOD 349A 349B I 
-
-- 
FIXED 
MOBILE 
RADIOLOCATION 
346A 349 
RADIOLOCATION 
346A 346B 349 MOD 349A 349B 
-- 
MOD 349A 349B 
- -
FIXED RADIOLOCATION 
MOBILE 349 349A 
I RADIOLOCATION 
I 349 349A 
1400-1427 EARTH EXPLORATION SATELLITE (Passive) 
SPACE RESEARCH (Passive) 
RADIO ASTRONOMY 
I 
1.2 MEASUREMENT 
Thermal microwave earth emissions to determine: 
1) Ocean salinity (primary) 
2) Soil moisture content (primary) 
3 ) Snow morphology (primary) 
4) Sea ice thickness (primary) 
5) Ocean sea state (primary) 
APPLICATION 
More effective and efficient management of: 
1) Agricultural production 
2) Marine food production 
3) Water resources 
4) Hazard 'warning 
5) Ship routing 
6) Weather forecast 
GEOGRAPHICAL COVERAGE REQUIREMENTS 
Geographical coverage requirements include worldwide 
ocean areas for salinity, sea state, and ice thickness 
measurements, and worldwide land masses for soil moisture 
and snow morphology measurements. 
SENSOR PERFORMANCE AND OPERATIONAL REQUIREMENTS 
Ocean S a l i n i t y  
Range : 30-36 parts p e r  thousand 
Accuracy : 0.2 p a r t s  p e r  thousand 
S e n s i t i v i t y :  0.1 K 
Reso lu t ion  (Swath) : 20 km (60 km) 
Update Rate: 1 p e r  week 
I n t e g r a t i o n  Time: 0.66 seconds 
Bandwidth: 127 MHz 
Sensor  I n t e r f e r e n c e  -165 dB(W) 
Threshold:  
Competing E f f e c t s :  S u r f a c e  t empera tu re  (7.0 GHz! 
Sea state (10.7, 19.7 GHz) 
Rain,  c louds  (19.7, 37.0 GHz) 
S o i l  Moisture 
Range : 
Accuracy : 
S e n s i t i v i t y  : 
Reso lu t ion  (Swath) : 
Update R a t e :  
I n t e g r a t i o n  T i m e :  
. Bandwidth: 
Sensor  I n t e r f e r e n c e  
Threshold  : 
Competing E f f e c t s :  
0-30% (dry  we igh t )  
1-2% by weight  
1.0 K 
5 km (200 km) 
1 p e r  day 
0.012 seconds 
64 MHz 
S o i l  roughness (10.7 GHz) 
Vege ta t ion  (37.0 GHz,) 
Water vapor (22.2 GHz) 
Rain (19.7, 37.0 G H z )  
Snow Morphology 
Range : 0-208 f r e e  water  con ten t  
2% Accuracy : 
S e n s i t i v i t y :  
Resolution (Swath) : 
Update Rate: 1 p e r  day 
I n t e g r a t i o n  Time: 0.012 seconds 
Bandwidth: 64 MHz 
Sensor I n t e r f e r e n c e  
Threshold: 
Water vapor (22.2 GHz) Competing Ef fec t s :  
Rain and c louds  (19 - 9 ,  
37.0 GHz) 
Ocean Sea S t a t e  
Range : 
Accuracy : 
S e n s i t i v i t y :  
0-40 m/sec 
2 m/sec 
1 K 
20 km (800 km) 
1 p e r  6 hours 
0.05 seconds 
16.2 MHz 
-164 dB(W) 
Resolution (Swath) : 
Update Rate: 
I n t e g r a t i o n  Time: 
Bandwidth : 
Sensor In t e r f e r ence  
Threshold: 
Rain (19.7, 37.0 G H z )  Cwnpeting E f f e c t s :  
Sea Ice Thickness 
Range : 
Accuracy : 
Sensitivity : 
Resolution: 
Update Rate: 
Integration Time: 
Bandwidth : 
Sensor Interference 
Threshold: 
Competing Effects: 
1 per day 
0.05 seconds 
16.2 MHz 
Ice morphology (10 ..7, 19.. 9 ,  
37.0 G H z )  
Snow cover (2.7, 10.7, 19.7, 
37.0 G H z )  
., 
0 Spacecraft Parameters 
Orbital Altitude: 500 km, circular 
Inclination : 
Antenna : 
70-110° (for worldwide 
coverage ) 
20 meter (5 km resolution) 
5 meter (20 km resolution) 
a Operational Requirements 
Salinity and soil moisture contours are 
required once per week and once per day respec- 
tively. Ice and snow observations are required on 
a daily basis. Sea state measurements are required 
every 6 hours to track hurricanes and typhoons. 
Continuous spacecraft measurements are required to 
compile the above data. 
Data acquired in this frequency band must 
be used in conjunction with measurements in other 
bands to eliminate competing effects. 
1.6 STATUS OF TECHNOLOGY AND USE 
L-Band Radiometers have flown on SKYLAB and are in 
current usage on research aircraft. The Shuttle Imaging 
Microwave System will be placed on the Shuttle. Operational 
use is expected in the mid-1980's for Shuttle, Landsat and 
Seasat follow-on missions. 
REASONS FOR SELECTION OF THIS FREQUENCY AND BANDWIDTH 
Soil moisture and snow morphology radiometric measure- 
ments can be obtained at frequencies below 5 GHz. Salinity 
can only be observed at frequencies below 3 GHz. For these 
phenomena, measurement sensitivity increases as the frequency 
decreases. 
The sensor resolution requirement of 20 km preclude the 
use of lower frequency bands due to antenna aperture size 
constraints. 
sea state observations are desired in this band because 
the effects of rain and clouds are small. 
Therefore, for salinity, soil moisture, snow, and sea 
state measurements, this band is a good compromise based 
solely on the application. 
The required bandwidth (127 MHz) is determined by radiometer 
sensitivity, receiver noise temperature and integration time, 
all of which are fixed by the application. A derivation of 
the bandwidth value is contained in Chapter 11, Part B, Section 1. 
1.8 SHARING ANALYSIS RESULTS 
Portions of the 1.3-1.427 GHz band are currentiy allocated 
to the Fixed, Mobile, Aeronautical Radionavigation, Radiolocation, 
and Radioastronomy Services. Since passive spaceborne sensors 
can inherently share with the Radioastronomy Services, the analysis 
is concerned only with the other three above mentioned services. 
The results, presented herein, are based on information 
contained in U. S. and international frequency assignment data 
files. 
The assumptions underlying the analysis are that: 
0 Present use of the 1.3-1.4 GHz band for Radiolocation 
and Aeronautica1.Radionavigation is extensive, both 
in the U. S. and on a worldwide basis. 
a Since the Radiolocation and Aeronautical Radionavigation 
Services are safety related services, operation on a 
24-hour basis is presumed. 
a In Region I there are a substantial number of registrations 
in the fixed service. In all probability these transmitters 
i 
! 
I 
are associated with national PTT systems, which operate on I 
i 
a 24-hour basis. i 
0 Use of t h e  1400-1427 MHz po r t i on  of t h e  spectrum is  
exc lus ive  t o  t h e  Radioastronomy Service.  
The  r e s u l t s  of t h e  shar ing  ana lyses  a r e  presented below a s  
w e l l  a s  i n  Table 1-1. 
a Aeronautical  Radionavigation and Radiolocation Serv ices  
- Sharing on a simultaneous ope ra t iona l  b a s i s  between 
spaceborne pass ive  sensors  and t h e  Aeronautical  Radio- 
navigat ion and Radiolocation Serv ices  i n  t h e  1.3-1.4 GHz 
band is not  f e a s i b l e .  
- Time shar ing  with  t h e s e  s c ~ v i c e s  is not  a v i a b l e  
a l t e r n a t i v e .  
a Fixed and Mobile Serv ices  
- Sharing on a simultaneous ope ra t iona l  b a s i s  between 
spaceborne microwave sensors  and t h e  Fixed and Mobils 
Serv ices  i n  t h e  1.35-1.4 GHz band is not  f e a s i b l e .  
* 
- Time shar ing  with  t h e s e  s e r v i c e s  is  a l s o  not  f e a s i b l e .  
1 . 9  SHARING CONCLUSIONS 
Sharing on a simultaneous ope ra t iona l  b a s i s  between spaceborne 
pass ive  microwave sensors  and t h e  Fixed, Mobile, Aeronautical  Radio- 
navigat ion and Radiolocation Serv ices  i n  t h e  1.3-1.4 GHz band i s  
considered no t  f e a s i b l e .  
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Sharing on a simultaneous operational basis between 
spaceborne microwave sensors and the Fixed and Mobile Services 
in the 1.35-1.4 GHz band is not feasible. Time sharing with 
these services is also not feasible. 
Sharing on a simultaneous operational basis between the 
spaceborne passive services and the Radioastronomy Service 
in the 1.4-1.427 GHz band is feasible. 
SECTION 2 
FREQUENCY BAND 2.640-2.700 GHZ 
I 
2.1 ALLOCATIONS 
ANALYSIS OF PASSIVE REMOTE SENSING 
REQUIREMENTS IN THE 
2.640-2.700 GHz BANL 
I The existing allocations and proposed changes in the 
2.640-2.700 GHz frequency band are given below for ITU Regions 
1, 2, and 3. Underlined items indicate proposed additions, 
I 
and dashed items indicate proposed deletions. 
Region 1 Region 2 Region 3 
NON-GOVERNMENT 
2550-2655 FIXED 364C 
MOBILE except aeronautical mobile 
BROADCASTING-SATELLITE M3D 361B 
362 363 364 364F 
2655-2698 2670 
- 
-
FIXED 364C 364D FIXED 364C 364D 
MOBILE except . FIXED-SATELLITE (Earth and Space) 
aeronautical mobile MOBILE except aeronautical mobile 
BROADCASTING-SATELLITE BROADCASTING-SATELLITE 
MOD 361B MOD 3648 MOD 3618 MOD 3648 
363 364 364F 3646 3643 364F 3646 
2670-2690 
- 
MOBILE except 
aeronautical mobile 
RADIO ASTRONOMY 
MOBILE except aeronautical mobile 
FIXED 364C 364D FIXED 3 6 4 ~ -  364D 
BR8ABeA6TSN6-6ATBhhZTB BR0ABeAST3N6-6ATBbh3TE 3640 364H 
3 364H FIXED SATELLITE (Earth and Space) 
364E 364F 3646 MOD 2338 
-
RADIO ASTRONOMY 
MOD 2338 
1 2690-2700 SPACE RESEARCH (Passive) RADIO ASTRONOMY 
EARTH EXPLORATION SATELLITE (passive) 
MOD 2333 363 364A 3648 
ORIGINAL PAGE lL 
IB-2-1 0.F P O O ~  Q U ~  
Thermal microwave earth emiesions to dete-mine: 
1) Salinity of estuarine and coastal waters (primary) 
2) Soil moisture content (primary) 
3 Snow morphology (primary), and 
4) Estuarine sea state (secondary). 
2 . 3  APPLICATION 
More 4fective and efficient management of: 
1) -3arine food production 
2) Agricultural production, and 
3) Water resources 
2 .4  GEOGRAPHICAL COVERAGE REQUIREMENTS 
Geographical coverage requir~ments include worldwide 
estuarine and coastal areas for salinity measurements, and 
worldwide land masses for soil moistme and snow morphology 
measurement s . 
2.5 SENSOR PERFORMANCP, AND OPERATIONAL REQUIREMENTS 
Coastal Salinity 
Salinity Range: 
Accuracy : 
Sensitivity: 
Resolution : 
10-35 parcs per thousand 
2-5 parts per thousand 
0.15-0.3 K 
2-5 km 
Coastal Salinity (cont.) 
Update Rate: 1 per week 
Integration Time: 0.2 seconds 
Bandwidth: 60 MHz 
Sensor Interference Threshold: -166 dB(W) 
Competin; Effects: 
Soil Moisture 
Range : 
Surface temperature (5.0 GHz) , 
Sea state (10.7, 19.9 G H z ) ,  
Water vapor (22.4 GHz) , Clouds ' 
and Rain (19.3, 37.0 GHz). i 
1 
0-30% (dry weight) 
Accuracy : 102% by we ;ht 
Sensitivity: 1.0 K 
Resolution (Swath) : 2-5 km (200 km) 
Update Rate: 1 per day 
Integation Time : 0.002 seconds 
Bandwidth: 60 MHz 
Sensor Interference Threshold: -156 dB(W) 
I 
Competing Effects: Soil Rougir?less (10.7 GHz) , 
Vegetation (37.0 G H t ) ,  Water 
vapor (22.4 GHz), and Rain 
(19.9, 37.0 GHz) 
0 Snow Morphology (primary) 
Range : 
Accuracy : 
Sensitivity: 
Resolution : 
Update Rate: 
Integration Time: 
Bandwidth: 
Sensor Interference Threshold: 
Competing Effects: 
Spacecraft Parameters 
Orbital Altitude: 
Inclination: 
Antenna : 
Operational Reqaire~ents 
Salinity and soil moisture 
once per week and once per day. 
0020% free water content 
1 per day 
0.2 sec 
60 MHz 
-158 dB(W) 
Water vapor (22.4 G H z )  , Rain 
=d Clouds (19.9, 37.0 GHz) 
500 km, circular 
70-110° (for worldwide 
coverage) 
10-25 meter diameter 
contours are required . 
' ~ u e  to the small re- 
quired resolution (2-5 km), continuous spacecraft 
measurements over applicable areas are required to 
compile the contours. 
~ighttime operations are possible in this fre- 
quency band due to low data update rates. 
The data acquired in this frequency band must 
I be used in conjuction with radiometric data gathered 
simultaneously at other frequencies, in order to 
eliminate competing effects (i.e., sea surface tem- 
perature, sea surface foam, water vapor, vegetation, 
etc.) . 
STATUS OF TECHNOLOGY AND USE 
Experimental equipment such as the S-Band Microwave Radio- 
meter has been developed, tested and flown aboard aircraft. The 
Shuttle Imaging Microwave System will be placed on the Shuttle. 
Additional operatianal use is expected in the mid 1980's on 
Shuttle, Landsat, and Seasat follow-on missions. 
I 2.7 -SONS FOR SELECTION OF THIS FREQUENCY AND BANDWIDTH 
Soil moisture and snow morphology radiometric measurements 
can be obtained at frequencies below 5 GHz.*  For salinity 
measurements, radiometric responses degrade rapidly above 3 G H z .  
Measurements in the 1-3 GHZ regior. are not affected by cloud cover. 
The sensor resolution requirements of 2-6 km precludes 
the use of lower frequency bands, due to ltenna aperture size 
constraints. 
Thereforetefor salinity, soil moisture and sea ice 
measurements, the 2.64 to 2.7 GHz band is a good compromise, 
based solell on the application. 
%see Chapter 11, Part A. 
.I '. 
The required bandwidth (60 MHz) is determined by radiometer / 
1 sensitivity, receiver noise temperature and integration time, 
all of which are fixed by the application. A derivation of 
the bandwidth value is contained in Chapter 11, Part B, Section 2. 
2.8 SHARING ANALYSIS RESULTS 
Portions of the 2.64 to 2.70 GHz spectral region are 
currently allocated to the Fixed, Mobile, Fixed Satellite 
(Earth-to-Space) Broadcast Saiellite (Space-to-Earth) , and 
Radio Astronomy Services. 
The results presented are based on information contained 
in U.S., as well as international, frequency assignment data 
files and, in some cases, anticipated future use of the band. 
1 The assumptions underlying the sharing analyses are that: 
rn The Fixed and Mobile Service use of this band in 
the United States is primarily for ~nstructional 
Television Fix,=d Service (ITFS) ss well as for 
safety and industrial operations, and is not 
normally required between the hours of 11 p.m. 
and 7 a.m. local time. 
rn The Broadcast-Satellite-Service operation will 
not be required between the hours of 11 p.m. and 
7 a.m. local time. 
rn The Fixed-Satellite Service up-link for thin route 
communications will be required on a low duty cycle. 
The results of the sharing analyses are presented below 
and in Table 2-1. The dstailed sharing analyses can be found 
in Chapter 11, Part B, Section 2. 
0 Fixed and Mobile Services 
- Harmful interference, on a simultaneous 
operational basis, will be encountered in the 
coastal areas of the United States, Europe and 
the Mediterranean; and the land areas of the 
United States, Europe, Asia Minor and North 
Africa. No terrestrial systems were identified, 
or are known to be planned, for other regi~ns of 
the world. 
- Time sharing is considered feasible with 
the Fixed Service in the United States, but is 
not feasible in the other areas mentioned above. 
0 Broadcast Satellite Service (Space-to-Earth) 
- Harmful interference, on a simul 
operational basis, will be encounterea mer 
extensive areas of the earth due to broadcast 
satellite operations. However, only the United 
States is known to be seriously considering 
broadcast satellites in this band. 
- Time sharing is considered feasible with 
this service. 
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rn Fixed Satellite Service (Earth-to-S~ace) 
- Harmful interference, on a simultaneous 
operational basis, will be encountered over 
large areas surrounding a fixed satellite 
earth station. 
- Time sharing, however, is considered 
feasible with this service. 
2.9 SHARING CONCLUSIONS 
Sharing on a simultaneous operational basis between 
spaceborne passive microwave sensors of the Earth Exploration 
Satellite or Space Research Services, and othcr services 
currently allocated in the 2.64-2.70 GHz band is not feasible 
below 2.69 GHz. Time sharing in certain ITU regions, however, 
is feasible. 
Sharing on a simultaneous operational basis between the 
* , 
space passive services and the Radioastronomy Service in the 
2.69-2.70 GHz band is feasible. Consequently, the Radio- 
astronomy Service and the space passive services can be 
allocated on a primary, co-equal basis in the 2.69-2.70 GHz 
band. 
SECTION 3 
FREQUENCY BAND 4.950-5.000 GHZ 
ANALYSIS OF PASSIVE REMOTE SENSING 
REQUIREMENTS IN THE 
4.950-5.000 GHZ BAND 
3.1 ALLOCATIONS 
The existing allocations and proposed changes in the 
4.950-5.000 GHz frequency band are given below for Regions 1, 
2, and 3. Underlined items indicate proposed additions,. and 
dashed items indicate proposed deletions. 
Region 1 Region 2 Region 3 
NON-GOVERNMENT 
EARTH EXPLORATION SATELLITE (Passive) 
FIXED 
MOBILE 
RADIO ASTRONOMY 
SPACE RESEARCH (Passive) 
MOD 2338 354 382A 382B 382C 
4riXBB 
M833E5B 
RADIO ASTRONOMY 
SPACE RESEARCH (Passive) 
EARTH EXPLORATION 
SATELLITE (Passive) 
RADIO ASTRONOMY 
SPACE RESEARCH (Passive) 
EPATH EXPLORATION 
SATELLITE (Passive) 
383A 
PZXBB 
MBB*&B 
RADIO ASTRONOMY 
SPACE RESEARCH (Passive) 
EARTH EXPLORATION 
SATELLITE (Passive) 
233B 
3.2 'MEASUREMENT -
Thermal microwave earth emissions to determine: 
1) Estuarine surface temperature (primary) 
2) Soil misture content (secondary) 
3) Ocean surface temperature (secondary) 
4) Rain (secondary) . 
APPLICATION 
More effective and efficient management of: 
1) Marine food production 
2) Fish and shellfish economy 
3) Deployment of fishing vessels 
4) Warning systems for natural hazards to coastal 
regions,. and 
5) Thermal pollution and environmental regulations. 
3.4 GEOGRAPHICAL COVERAGE REQUIREMENTS 
b 
Geographical coverage requirements include worldwide 
estuarine and coastal areas for estuarine surface temperature 
measurements. 
3.5 SENSOR PERFORMANCE AND OPERATIONAL REQUIREMENTS 
Estuarine Surface Temperatur~ - 
Temperature Range: 
Accuracy : 
Sensitivity: 
Resolution: 
Estuarine Surface Temperature (cont) 
Update Rate: 
Integration Time: 
Bandwidth: 
Sensor Interference Threshold: 
Competing Effects: 
Spacecraft Parameters 
Orbital Altitude: 
Inclination: 
Antenna : 
1 per day 
0.2 seconds 
50 MHz 
-164 dB(W) 
Sea State, Water 
Vapor, Clouds, Rain 
L. 
500 km, circular 
70-lloO (for world- 
wide coverage) 
15 meter 
0 Operational Requiren!ertts - -- 
Estuarine surface temperature contours are required 
once per day. Continuous spacecraft measurements over 
estuarine areas are required to compile this contour. 
I 
The data acquired in this frequency band must be 
used in conjunction with radiometric data gathered 
simultaneously at other frequencies, in order to 
eliminate competing effects (i.e., sea state, water 
vapor, clouds, rain, etc.). 
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3.6 STATUS OF TECHNOLOGY AND USE 
The Passive Microwave Imaging System has been developed 
and flown on aircraft. Current development and testing is pro- 
ceeding on the Swept Frequency Radiometer passive sensor. 
Operational use is expected in the mid 1980's on the Shuttle 
and SEASAT follow-on missions. 
3.7 REASONS FOR SELECTION OF THIS FREQUENCY AND BANDWIDTH 
The change in received apparent brightness temperature, 
as a function of estuarine surface temperature, is a maximum 
near this frequency . 
Observations in this band are relatively insensitive to 
salinity variations. 
This band. is optimum for all-weather sensing, since the 
effects of liquid water (precipitation) in the atmosphere 
are minimized, while thi sensitivity to estuarine surf ace 
temperature change is maximized. 
The required bandwidth (50 MHz) is determined by radiometer 
sensitivity, receiver noise temperature and integration time, all of 
which are fixed by the application. A derivation of the bandwidth 
value is contained in Chapter 11, Part B, Section 3. 
3.8 SHARING ANALYSIS RESULTS 
Portions of the 4.95-5.00 GHz band are currently allocated 
to the Fixed, Mobile and Radio Astronomy Services. 
The sharing analysis results presented below are based on 
information contained in the United States, as well as international 
frequency assignment data files. Table 3-1 presents these results 
in tabular form for a single interferor. The detailed sharing 
analyses can be found in Chapter 11, Part B, Section 3. 
Hamful interference, on a simultaneous operational 
basis, will be encountered in the coastal and open ocean 
areas approximately 2000-2400 km from the shore lines of 
North America, Puerto Rico and a large portion of Europe. 
No extensive use of the band was identified for other 
regions of the world. 
Time sharing is generally considered infeasible with the 
Fixed and Mobile Services in this band. 
. 
3.9 SHARING CONCLUSIONS 
Sharing on a simultaneous operational basis between space- 
borne passive microwave sensors and the Fixed and Mobile Ser- 
vices in the 4950-4990 MHz band is not feasible. Time sharing 
in this band is also con..idered infeasible. 
Sharing on a simultaneals operational basis between the 
space passive services and the Radio Astronomy Service in the 
4990-5000 MHz band is feasible. 
TABLE 3-1 
SUMMARY OF SHARING ANALYSES RESULTS 
MAXIMUM RECEIVED POWER ( d B  PJLATIVE 
TO THE INTERFERENCE THRESHOLD) FOB 
ONE INTERFEROR 
MINIMUM RECEIVED POWER ( d B  RELATIVE 
TO THE INTERFERENCE THRESHOLD* ) FOR 
ONE INTERFEROR 
LOSS O F  COVERAGE AREA FROM (b2) 
SINGLE INTERFERENCE SOURCE 
%** 
FIXED 
AND 
MOBILE 
SIMULTANEOUS SHARING FEASIBLE NO 
TIME SHARING FEASIBLE NG 
B a s e d  on larger of t w o ' t y p e s  of terrestrial systems 
operat ing i n  t h e  band ( 1  kw)  
( 2 )  B a s e d  on smaller of t w o  types of terrestrial s y s t e m s  
operat ing i n  t h e  band ( 5  W) 
* -  Indicates B e l o w  Interference T h r e s h o l d  of - 1 6 4  dB(W). 
** P e r c e n t a g e  nu ;.)er is  percen t  o f  area 10s t o  t h e  radiometer 
w h e n  i n  v i e w  of t h e  interferor. 
SECTION 4 
FUQUENCY BAND 6.425 - 7.250 
ANALYSIS OF PASSIVE REMOTE SENSING 
REQUIREMENTS I N  THE 
6.425 - 7.250 GHz BAND 
4 . 1  ALLOCATIONS 
The e x i s t i n g  a l l a c a t i o n  and proposed changes i n  t h e  
6.425 - 7.250 GHz frequency band a r e  given below f o r  Region 
1, 2,  and 3. Unserlined items i n d i c a t e  proposed add i t i ons ,  
and dashed items i n d i c a t e  proposed de l e t i ons .  
Regj tn 1 Region 2 Region 3 
- 
NON- GOVERNMENT 
6425-?2f ' 6925 FIXED 
MOBILE 
FIXED SATELLITE (Earth-to-Space) 
- 379A 393AA 392B 393 
6925-7250 
- 
FIXED 
MOBILE 
379A 392AA MOD 392B 393 MOD 392AA 
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4.2 MEASUREMENT 
Thermal microwave earth emissions to determine: 
1) Ocean surface temperature (primary), 
2) Soil moisture content (secondary), 
3) Estuarine surface temperature !secondary), 
4) Ocean sea state (secondary), 
5) Sea ice thickness (secondary) . 
APPLICATION 
More effective and efficient management of: 
1) Fishery resources, 
2) Deployment of fishing vessels, and 
3) Long range weather forecasting. 
GEOGRAPHICAL COVERAGE REQUIREMENTS 
Geographical coverage requirements include worldwide 
ocean areas for ocean surkace temperature measurements. 
4.5 - SENSOR PERFORMANCE AND OPERATIONAL REQUIREMENTS 
Ocean Surface Temperatuie 
Range : 
Accuracy : 
Sensitivity: 
tlesolution (Swath) : 
Update rato: 
Integration t i-ae : 
273-300K 
0.5K 
0.3K 
20 km (800 km) 
1 per day 
0.05 seconds 
Bandwidth: 
Sensor Interference 
Threshold: 
Competing Effects: 
Spcecr~.'t Parameters 
Orbital Altitude: 
Inclination: 
Antenna: 
Operational Requirements 
200 MHz 
Sea state (10.7, 19.9 GHz), 
Water vapor (22.4 GHz), 
Clouds and Rain (19.9, 
37.9 GHz) 
500 km, circular 
70-110° (for world- 
wide coverage) 
<1 meter 
Ocean surface temperature contours are re- 
quired once per day. Due to the small required 
resolution (2-5 km), continuous spacecraft measure- 
ments over applicable ocean areas are required to 
compile these contours. 
The data acquired in this frequellcy band must 
be used in conjunction with radiometric data 
gathered simultaneously at other frequencies, in 
order to eliminate competing effects (i.e., sea 
state, water vapor, clouds, rain, etc.) 
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4.6 STATUS OF TECHNOLOGY AND USE 
Current development and testing are proceeding on the 
Scanning Multichannel Microwave Radiometer for flight on the 
Nimbus-G (1978) and Seasat-A (1977) spacecraft. The Shuttle 
Imaging Microwave System will be placed on the Shuttle. Opera- 
tional use is expected by the mid-1980's on Shuttle and Seasat 
follow-on missions. 
4.7 REASONS FOR SELECTION OF THIS FREQUENCY AND BANDWIDTH 
The change in received apparent brightness temperature, 
as a function of sea surface temperature change, is a maximum 
near this frequency. 
Also the required spatial resolution for estuarine 
and coastal measurements can be achieved with practical space- 
craft antennas. Therefore, the 6.425-7.25 GHz region is well 
suited for spaceborne remote sensing based solely on the 
application. 
The required bandwidth (200 M H z )  is determined by radiometer 
sensitivity, receiver noise temperature and integration time, 
all of which are fixed by the application. A devivation of the 
bandwidth value is contained in Volume 11, Part B, Section 4. 
SHARING ANALYSIS RESULTS 
The 6.425-7.250 GHz band is currently allocated to the Fixed 
and Mobile Services on a worldwide basis. The following sharing 
analysis results are based on a sharing analysis of a 200 MHz 
portion of the 6.425-7.250 GHz spectral region - namely the 6.500- 
6 .700 GHz band. The s~ecifiu frequency region chosen is based on 
sensor hardware currently under development. 
The analysis is based on information contained in the United 
States, as well as in international frequency assignment data files. 
A summary of the results is presented below and in Table 4-1. 
The detailed sharing analysis can be found in Volume 11, Part B, 
Section 4. 
Due to the large population and spatial distribution 
of systems currently using the band, harmful interference 
will be encountered by a passive remote sensor in coastal 
and estuarine areas of North America, South America and 
large portions bf Europe, North Africa and Asia Minor. 
Time sharing In this band is generally considered 
infeasible due to the anticipated operationai nature of the 
Fixed and Mcbile Services. 
4 .9  SHARING CONCLUSIONS 
- 
Sharing on a simultaneous operational basis between space- 
borne passive microwave sensors and the Fixed and Mobile Ser- 
vices in the 6.5-6.7 GHz region is not feasible. Time sharing 
is also considered infeasible. 
TABLE 4 -1  
SUMMARY OF SHARING RESULTS 
MAXIMUM RECEIVED POWER (dB 
RELATIVE TO INTERFERENCE THRESHOLD) 
I N  MAIN BEAM OF ONE INTERFEROR 
MINIMUM RECEIVED POWER (dB 
RELATIVE TO INTERFERENCE THRESHOLD)* 
FOR ONE INTERFEROR 
LOSS OF COVERAGE AREA FROM SINGLE (km2) 
INTERFERENCE SOURCE %** 
SIMULTANEOUS SHARING FEASIBLE 
TIME SHARING FEASIBLE 
FIXED 
AN@ 
MOBILE 
(1) Based on 1 watt interferor 
(2) Based on 40 watt interferor 
* Indicates below interference thresh016 of -158 dB(W) 
**  Percentage number is percent of area lost to the 
radiometer when in view of the interferor. 
CHAPTER I1 
PART A 
MICROWAVE FUiDIOMETERY 
MICROWAVE RADIOMETRY 
Energy at microwave frequencies is emitted and absorbed by 
I the surface of the earth and the atmosphere above the surface. The 
transmission properties of the absorbing atmosphere vary as a 
function of frequency as shown in Figure 1. This figure depicts 
calculated one 5 .  zenith (90' elevation angle) attenuation values 
1 for oxygen and water vapor. . The calculations are for a path 
between the surface and a satellite. These calculations reveal 
frequency bands for which the atmosphere is effecti-rely opaque 
1 and others for which the atmosphere is nearly transparent. The 
regicns cr windows that are nearly transparent may be used to sense 
surface phenomena; the regions that are opaque arz used to sense 
the top of the atmosphere. 
The power received by a radiometer on a satellite looking down 
1 
at the earth may be calculated from the equations of radiative 
transfer1'*. For a nonslattering medium, 
* 
where TA = antenna tem2erature 
P = received power 
v = center frequency 
B = receiver bandwidth 
K = Boltzmann's constant 
G = antenna gain 
f l  = solid angle about the antenna 
Te = surface brightness temperature (emis~ion plus 
scattering) 
T = optical depth 
0 = absorption coefficient 
L = path length from satellite to ground 
s = position along the path 
and T(s) = atmospheric temperature at y i n t  s along the path 
1ooo.y 
I . .  
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zenith Attenuation 
January - Midlat i tude 
3 1 . 5  9 W m  surface  water 
VaWr d e n s i t y  
The optical depth is simply related to the attenuation as 
where A = attenuation (one way) 
and a = speciiic attenuation. 
Equations (1) and (2) display the essential features of 
remote sensing using microwave frequencies. The surface 
brightness temperature, the atmospheric temperature at points, 
s, along the path and the absorption coefficients are un- 
knowns to be determined from measurements of the antenna 
temperature, TA. The surface brightness temperature and the 
absorption coefficients in turn depend on the physical pro- 
perties of the surface or atmosphere that are to be sensed. 
A single observation at a single frequency cannot be used tc 
estimate a single physical parameter. Observations must be 
made simultaneously at z number of frequencies and combined 
with models for the frequency dependence and physical parameter 
dependence of the surface brightness temperature and of the 
absorption coefficient before the integral equation, equation 
(l), may be solved. 
The equation may be simplified for application at fre- 
quencies in the atmospheric windows where the attenuation is 
less than 1 dB. For an antenna system with a narrow beam.and 1 
for an absorber at a constant temperature, T the equation s 
reduces to 
This result shows that even in the windows, the effect of the 
atmosphere above the surface must be considered. 
Atmospheric Absorptioq 
The attenuation does not occur within a single atmospheric 
layer of constant tcmpcraturc. Figure 2 displays the variation 
Figure 2. Theoretical vertical cne-way attenuation from 
specified height to top of the stmcs here for 
a moderate humid atmosphere (7.5 g/rng at the 
surface). 
A: Starting heights (km) 
B: Minimum values for paths starting at 
indicated heights (km) 
C: Range of values for the path from 
the surface to 80 km 
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of a t t e n u a t i o n  wi th  frequency and height .  Equation 1 i n d i -  
cates t h a t  t h e  measured antenna temperature depends most upon 
t h e  temperature  i n  t h e  r eg ion  a long  t h e  pa th  where t h e  a t t e n -  
u a t i o n  ( t o t a l  t o  t h e  s a t e l l i t e )  is l e s s  than 10 dB and l i t t l e  
on temperatures  i n  reg ions  where t h e  a t t e n u a t i o n  is  very smal l  
or t h e  t o t a l  a t t e n u a t i o n  t o  t h e  satell i te is l a rge .  The temp- 
e r a t u r e  va iues  can  be .sensed &t d i f f e r e n t  he igh t s  o r  d i s t a n c e s  
a long  t h e  pa th  by s e l e c t i n g  f r equenc ie s  near  t h e  edges of t h e  
opaque reg ions  w i th  d i f f e r e n t  a t t e n u a t i o n s  which provide d i f -  
f e r e n t  weighting* func t ions  o r  m u l t i p l i e r s  of T (s) i n  equa t ion  (1). The broad opaque r eg ion  between 50 and 70 GHz is com- 
posed of a number of narrow abso rp t ion  (opaque) l i n e s  and 
obse rva t ions  may be made e i t h e r  a t  t h e  edges of  t h e  complex 
o f  l i n e s  or i n  t h e  v a l l e y s  between t h e  l i n e s .  The range of 
a t t e n u a t i o n  va lues  - peak t o  v a l l e y  f o r  t h e  complex of l i n e s  
are i n d i c a t e d  as shaded a r e a s  on Figs. 1 and 2. 
A number of d i f f e r e n t  Erequencies may be chosen t o  pro- 
v i d e  a reasonable  set of weight ing func t ions  f o r  atmospheric 
temperature  and water  vapor p r o f i l e  measurements. Sam?lc 
c a l c u l a t i o n s  f o r  a set of f r equenc ie s  i n  t h e  oxygen l i n z  
complex3 a r e  given i n  F igu re  3 and f o r  water vapor4 i n  Figure  
4. Ca lcu l a t i ons  f o r  t h e  channels  corresponding t o  t h e  l o ~ ~ e s t  
f i v e  f requenc ies  on F igure  3 performed using a statistical 
procedure f a r  i n v e r t i n g  equa t ion  ( 1  show t h a t  f o r  a 0.3'1: 
radiometer s e n s i t i v i t y  t h e  expected rms u'lp. - a i ~ t y  i n  t h e  
es t imated  t e n p e r a t u r e c > i s l e s s  t han  2 " ~  f - ,  . qh t s  above 1 
km a t  mid la t i t udea  over t F a  ocean. 
Clouds and r a i n  can provide a d d i t i o n a l  a t + . -  ion when 
they occur  a long  t h e  pa th . .  F igu re s  5 and b ' .  : , t h e  f r e -  
quency v a r i a t i o n  of a t t e n u a t i o n  due t o  lL1uic :citszr zqd i c e  
i n  p r e c i p i t a t i o n .  These curves  show t h a t  both  r a i n  and clouds 
may be sensed i n  t h e  atmospheric windows between 5 and 150 
GHz. Mult ip le  obscrva t ions  over a wide frequency range a r e  
r equ i r ed  to  s e p a r a t e  r a i n  from cloud and t o  s e p a r a t e  t h e s e  
4 
e f f e c t s  from s u r f a c e  emission . 
The ra in 'ancl  cloud d r o p l e t s  s c a t t e r  a p a r t  o f  t h e  encrgy 
Weighting Function ("li/'"l< -m 1 x 10' 
CLEAR SK" 
Figure 3 .  Temperature Weight ing Funct' - 1s 
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[WV] on,N Weigiltinq Function (Relut ivc Units) 
Figure 4 .  Water Vapor Weighting F u n c t i m s  
ATTENUATION COEFFICIENT (db/km) 
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t h a t  is los t  due t o  a t t e n u a t i o n .  The ra t io  of energy scat- 
t e r e d  to  t h a t  los t  by absorp t ion  is c a l l e d  the s i n g l e  s c a t -  
1 t e r i n g  a lbedo . F i g u r e  7 d e p i c t s  t h e  s i n g l e  s c a t t e r i n g  a lbedo  
as a f u n c t i o n  o f  frequency f o r  l i q u i d  and ice s c a t t e r e r s .  If 
the s i n g l e  s c a t t e r i n g  a lbedo  is ze ro ,  e q u a t i o n s  ( 9 )  and ( 2 )  
hold  b u t  when t h e  s i n g l e  s c a t t e r i n g  a lbedo  is  n o t  zero  t h e  
e f f e c t  of s c a t t e r i n g  must be inc luded  i n  t h e  r a d i a t i v e  t r a n s -  
fer equat ion .  When t h e  s i n g l e  s c a t t e r i n g  a lbedo  i s  nea r  one, 
a t t e n u a t i o n  i s  p r i m a r i l y  due t o  s c a t t e r i n g  and n o t  t o  absorp- 
t i o n .  Under t h e s e  c o n d i t i o n s ,  1 i t t l e . e m i s s j . o n  is  genera ted  
by t h e  s c a t t e r e r s  a l though  t h e  s c a t t e r e r s  s t i l l  a t t e n u a t e  t h e .  
emiss ion  upwell ing from lower r e g i o n s  of t h e  atmosphere and 
from t h e  s u r f a c e .  
S u r f a c e  m i s s i o n  
Emission from t h e  s u r f a c e  of  t h e  e a r t h  i s  t r a n s m i t t e d  
through t h e  atmosphere t o  t h e  s a t e l l i t e .  When t h e  a t t e n u a -  
t i o n  v a l u e s  a r e  h igh ,  t h i s  emiss ion  canno t  be  sensed.  When 
it i s  low, a s  r e q u i r e d  t o s e n s e t h e  tempera ture  of t h e  lowest, 
l a y e r  of t h e  atmosphere, bo th  t h m  s u r f a c e  and a tmospher ic  
c o n t r i b u t i o n s  a r e  combined. Addi t iona l  wxsurernents  w i t h i n  
t h e  window channels  a r e  r e q u i r e d  t o  s e p a r a t e  the  t w o  types  of 
c o n t r i b u t i o n s .  Sur face  e m i s s i o i ~  i s  p r o p o r t i o n a l  t o  t h e  
tempera ture  and e m i s s i v i t y  o f  t h e  s u r f a c e .  The l a t t e r  are 
r e l a t e d  t o  t h e  d i e l e c t i v e  p r o p e r t i e s  of  t h e  s u r f a c e  an3 t o  
t h e  roughness of t h e  s u r f a c e .  I f  t h e  e m i s s i v i t y  is less t h a n  
u n i t y ,  t h e  s u r f a c e  both  emits and s c a t t e r s  r a d i a t i o n .  The 
s c a t t e r e d  r a d i a t i o n  o r i g i n a t e s  from downward a tmospher ic  
emiss ion  from above t h e  s u r f a c e .  I n  a  window channel  w i t h  
ve ry  smal l  a t t e n u a t i o n  v a l u e s  t h i s  l a t t e r  c o n t r i b u t i o n  is 
n e g l i g i b l e ;  o the rwise  it must be cons ide red  i n  t h e  s o l u t i o n  
of equa t ion  (1). 
Sur face  brightness tempera tu res  do n o t  show t h e  r a p i d  
v a r i a t i o n  w i t h  frequency e x h i b i t e d  by emiss ion  from atmo-' 
s p h e r i c  a b s o r p t i o n  l i n e s .  The r e l a t i v e l y  s low frequency va r -  
i a t i o n s  of  t h e  e f f e c t s  o f  s u r f a c e  parameters  r e q u i r e s  simul- 
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taneous observations over a broad frequency range within the 
atmospheric windows to determine their values. Separation of 
the parameters can only be accomplished when the parameters 
have different frequency depend~nces~~ 5.  Figs. 8,  9 and 10 
depict the frequency dependence of the several parameters 
that affect the brightness temperature of the ocean surface, 
salinity, temperature, and wind. The wind affects the bright- 
ness temperature by roughing the surface and by producing 
foam which has dielectric properties different from the un- 
derlying water. These figures show that salinity is best 
sensed at frequencies below 3 GHz and, if extreme measurement 
accuracy is required, at frequencies below 1.5 GHz. Sea sur- 
face ten:perature is best sensed using frequencies in the 3 
to 10 GHz range with 5 GHz being optimum. Wind affects ob- 
servations at all frequencies but is best sensed at frequen- 
cies above 15 GHz. 
Surface layers of ice or oil that float on the surface 
have dielectric properties different from water and can be 
sensed due to the resultant change in briqhtness temperature. 
Oil slicks can change the brightness temperature above 30 GMz 
by more than 5 0 0 ~ ~  and ice can change the brightness temper- 
7 
ature by more than SO0 at frequencies from 1 to 40 GHz . Al- 
though ice and oil spills can prcvide a large change in bright- 
ness temperature, a number of observations in each of the at- 
mospheric windows arc required to separate the effects of ice 
and snow from rain and clouds. 
The moisture content cf the surface layers can be detec- 
8 ted at.microwave frequeccics . The brightness tempcrature 
of snow and of soil both change with moisture content and 
with frequency. In general, the lowcr the frequency, the 
thicker the layer that can be sensed. Since the moisture at 
the surface is related to the profile of moisture below the 
surface, observations at higher frequencies can also be use- 
ful. In sensing the melting of snow near the surface, obser- 
vations at 37 GNz and higher provide the most information. 
For sensing soil, especially sail un'e~ a vegetation canopy, 
-- I.. . .  
Frequency ( G l l z )  
Fiaure 8. Chanqe in B r i g h t n e s s  Temperatvre 
w i t h  Salinity 
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3G0/e 0 
Frequency (GMz 1 
Figure 9. Change in Brightness Temperature with 
Surface Temperature 
Nadir 
Frequency ( G H z )  
Figure 10. Change in Brightness Temperature 
with Wind Speed 
ORIGINAL PAGE IS 
OF POOR QUALITY 
frequencies below 3 GHz are of most interest. In practice 
a number of frequencies are required first to classify the 
surface as to roughnesr, vegetation cover, sea ice age, etc., 
and second to measure parameters such as ice thickness or 
moisture content. Figures 11, 12, and 13 present sensitivity 
curves versus frequency for ice1', soil moisture1', and 
12 
snow . 
Radiometer 'sensitivity 
Radiometric receivers sense the noise like thermal emis- 
sion collected by the antenna and the thermal noise of the 
receiver. By integrating the received signal the random 
noise fluctuations can be rediiced and accurate estimates can 
be made of the sum of the receiver noise and externa1,thermal 
emission noise power. Expressing the noise power per unit 
bandwidth as an equivalent noise temperature, the effect of 
integration in reducing measurement uncertainty can be ex- 
9 pressed as, 
where AT = rvs uncertainty in the estimation of the total 
system noise, TA + TN 
TA = antenna temperature 
TN = receiver noise temperature 
B = bandwidth 
T = integration time 
a = receiver system constant. 
There are two types of microwave radiometers--total 
power and ~icke'. Total power radiometers measure the 
noise power receiv,.d by the antenna, as well as tirat genera- 
ted by the receiver system. However, they are subject to 
calibration errors due to receiver system drift. Dicke 
radiometers, on the other hand, rapidly owitch the input of 
Figure 11. Brightness Temperatures of Ice 
at Various Frequencies 
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the receiver rystem between the antenna and a load at a known 
temperature in order to secure proper calibration. The Dicke 
receiver output is detected synchronously with the input switching 
rate and the difference between the two signals is amplified 
and averaged to provide an output proportional. to the difference 
between the antenna temperature and load temperature. The Dicke 
radiometer iu sensitive to gain changes, but less so than a total 
power radiometer since amplification at the critical stages in 
the Dicke receiver system can be performed with ac coupled 
stages tuned to the switching rate rat\er than by dc coupled 
stages. In practice, Dicke radiometers are easier and less expen- 
sive to construct, operate and maintain than total power radio- 
meters that provide the same protection against reciver system 
drift calibration errors. 
For an ideal total power radiometer, a = 1; for an ideal 
Dicke radiometer, a = c; and for a practical Dic1-? radio- 
meter a = 2. The bandwidth calculations made for Chapter I 
and Chapter 11, Part B, assumed a = 2 unless otherwise stated. 
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SECL'ION 1 
FREQUENCY BAND 1.3-1.427 GHz 
USER REQUIREMENTS 
The primary measurements in this band are soil moisture, 
snow morphology, ocean salinity, sea state, and ice thickness. 
The principal measurements that constrain system d~sign are 
ocean salinity and soil moisture. 
Salinity measurements over the open ocean require spatial 
resolutions on the order of 20 km. For a satellite in a 500 km 
circular orbit, a 20 km resolution ( 2 O  beam) requires the use of 
a 5 meter antenna, depending upon the pointing angle. Since the 
antenna beam traverses a point on the surface in less than two 
seconds, the integration time must be less than two seconds. 
Salinity in the open ocean changes little with space and 
time; the ocean salinity ranqe is between 30-36 parts per 
thousand, and to make adequate measurements, a measurement 
accuracy of 0.2 parts per thousand is required. Using the 
sensitivity curves presented in Part A, the required radiometer 
sensitivity is 0.1 K. For a Dicke radiometer, with system 
noise temperature of 450  K, a 0.1 K sensitivity and 2 second 
integration time, the minimum bandwidth is 42 MHz. To map the 
ocean regions in a reasonable time frame, a minimum swath of 
60 km is necessary. This can be obtained by scanning. The integra- 
tion time for such a scanning system is 0.66 seconds and a 
bandwidth of 127 MHz is required. 
Soil moisture measurements require higher resolutions than 
salinity measurements. However, due to spacecraft antenna 
constraints, antennas larger than 20 meters are impractical. In 
this band a 20 meter antenna will produce a ground resolution of 
5 k~ wi3:::n a 0.5 second integration t.ime is used. 
Sail moisture measurements are required over a 0-30% (dry 
weight) range with a 1-2% accuracy by weight. Using the sensitiv- 
ity curves presented in Part A, the required radiometer sensitiv- 
ity is L.0 K. For a Dicke radiometer with a system noise temp- 
erature of 450 K, 1.0 K sensitivity and 0.5 second integration 
time, the required bandwidth is 1.6 MHz. To map land areas, 
however, requires imaging a swath on the order of 200 km.   his 
swath implies an integration time of O.Cl2 seconds and a 64 MHz 
bandwidth. 
Salinity in the open ocean is affected by storms and the 
meander of larger scale features such as the Gulf Stream. These 
change :sl.owly, and worldwide observations on a once per week basis 
are adequate. Soil moisture is required to provide input to 
scheduled irrigation and water resources control, and observations 
are required once per day. Sea ice measurements are used for 
ship routing, and are required on a once per day basis. 
SHARING ANALYSIS 
Portions of the 1.300-1.427 G H z  band are currently allocated to 
the Aeronautical Radio Navigation, Radiolocation, Fixed, Mobile, and 
Radio Astronomy Service. Fixed and Mobile Service allocations are 
confined to Region 1. 
Since radio astronomy (1.400-1.427 GHz) can inherently share with 
another passive service, the following sections discuss the frequency 
sharing potential between the Earth Exploration Satellite Service and 
the Aeronautical Radionavigation, Radiolocation, Fixed and Mobile 
Services in the 1.3 to 1.4 GHZ frequency range. 
1.1 Aeronautical Radionavigation and Radio Location Services 
Current U.S.. and International frequency assignments reveal 
extensive use of the frequency range 1300-1400 MHz for Aeronautical 
Radionavigation and Radiolocation. U.S. data files alone reveal 
about 100 transmitters in the frequency range of 1300-1350 MHz. 
The transmitters have powers of up to 5 MW peak. Foreign listings 
appear to be quite similar to the U.S. listings as to power and gain. 
Since no intormation is given in the foreign listings concerning duty 
cycle, the detailed sharing analysis given in the following paragraphs 
is based largely on U.S. system characteristics. 
1.1.1 Technical Characteristics 
Transmitters in the Aeronautjcal Radionavigation and 
Radiolocation Services are typically pulsed radars. Essential 
characteristics representative of the vast majority of registered 
systems are as follows: 
Transmitter power (peak) 
Antenna Gain 
Pulse Repetition Rate 
Pulse Duration 
Transmitter Bandwidth 
67 dB(W) 
34.5 dB(i) 
310 to 364 pps 
2 vsec 
14.4 MHz 
The effect of a pulsed signal on 
measurement is a function of its average 
power. 
the apparent radiometer 
power rather than peak 
Using a pulse repetition rate of 333 pps, which is typical 
of long range radars, the average power output of the radar 
transmitter is found to be 35.2 dB(W). 
The radar characteristics used in the sharing analysis 
are as follows: 
Transmitter Power (average) 35.2 dB(W) 
Transmitter Antenna Gain 34.5 dB(i) 
Transmitted Power (average) 
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1.1.2 Sharing Considerations 
i.1.2.1 Simultaneous Operations 
The maximum interference level occurs when the radiometer 
is located in the main beam of the interference source. This 
occurs at low elevation angles as seen from the radar station. 
The level of the interference would be: 
Transmitter Power 35.2 dBiW) 
Transmitter Antenna Gain 34.5 dB(i) 
Spreading Loss -139 dB(i) 
Radiometer antenna 
effeztive area 
( sidslobe) 
Received Interference 
Power -107.3 dB(W) 
or 57.7 dE above the interference threshold of -165 dB(W). 
It is known that there are nearly one hundred such 
transmitters in the U.S. alone. Analysis of international 
listings indicates that this band is used extensively for 
radiolocation and/or radionavigation purposes. The Gain- 
Range Quotient Analysis Program* was utilized to simulate 
the coupl.ings between the radiometer and transmitter antennas 
as the spacecraft orbits the earth. The loss of coverage 
area was found tn be 100% of the visibility sphere as seen 
from the terrestrial station. 
* See Appendix f 
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Consequently, sharing on a simultaneous operational basis is 
considered infeasible. 
1.1.2.2 Time Sharinq 
Aeronautical Radionavigation and Radiolocation installations 
transmit on a 24-hour basis, and must continue to do so, since 
this operation is required for aeronautical safety. Time 
sharing of the frequency spectrum is therefore infeasible. 
1.1.3 Conclusions on Sharing with Aeronautical Radionavigation 
and Radiolocation Services 
Due to large required e.i.r.p.'s and numerous transmitters 
in these services, sharing on a simcltaneous operational or 
time basis in the 1300-1400 MHz spectral region is considered 
infeasible. 
Fixed and Mobile Services 
Fixed and mobile operations in the 1.3-1.4 GHz band are 
confinedto Region I. Inspection of the IFRB listings for this 
region reveals a substantial number of registrations in Europe. 
All of the registrations are in the Fixed Service. No registrations 
were found in Africa. Based on the powers specified in the 
registrations it is possible to group the existing stations into 
low, medium and high power categories. The interference analysis 
detailed in the following paragraphs is predicated or. an assumed 
mix of the three categories. 
1.2.1 Technical Characteristics 
The Fixed Service transmitters located in the IFRB Files 
fall into the following categories: 
High Power (25% of users) 
Transmitter Output Power 23 dB(W) 
Antenna Gain 32 dB (i) 
Transmitted e.i.r.p. 55 dB(W) 
Medium Power (35% of users) 
Transmitted Output Power 17 dB(W) 
Antenna Gain 
Transmitted e.i.r.p. 
Low Power (40% of users) 
Transmitted Output Power 5 dB(W) 
Antenna Gain 32 dB(i) 
Transmitted e.i.r.p. 37 dB(W) 
The major locations of these transmitters are the 
European countries in Region 1. 
1.2.2 Sharing Considerations 
1.2.2.1 Simultaneous Operation 
The maximum i7i,erference level occurs when the sensor is 
in the main beam of a terrestrial station; for the Fixed and 
Mobile Services this takes place when the spacecraft A S  on 
the horizon as seen from the terrestrial station. The inter- 
ference level from a slngle terrestrial transmitter is computed 
as follows: 
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A. High Power 
Transmi t t e r  Output Power 23 dB(W) 
Transmi t t e r  Antenna Gain  32 d B ( i )  
Spreading Loss -139 dB(m-2) 
Radiometer E f f e c t i v e  Area -38 d ~ ( m ~ )  
( s i d e l o b e )  
Received I n t e r f e r e n c e  Power -122 dB(W) 
o r  47 dB above t h e  i n t e r f e r e n c e  t h r e s h o l d  
-165 dB(W). 
B. Medium Power 
Transmi t t e r  Output Power 1 7  dB(W) 
Transmi t t e r  Antenna Gain 30 d B ( i )  
Spreadj  ng Loss -139 d ~ ( m - * )  
Radiometer Antenna E f f e c t i v e  -38 dB ( m a )  
a r e a  ( s i d e l o b e )  
Received I n t e r f e r e n c e  Power -130 dB(W) 
or  39 dB above t h e  i n t e r f e r e n c e  t h r e s h o l d  
-165 dB(W). 
C. Low Power 
Transmitter Output Power 5 dB 
Transmitter Antenna Gain 32 dB(i) 
Spreading Loss -139 d ~ ( m - ~ )  
Atmospheric Loss 0 dB 
Radiometer Antenna Effective -38 d~ (m2) 
Area ( sidelobe) 
- - 
Received interference power -140 dB(W) 
or 25 dB above the interference threshold. 
Figures 1-1, 1-2, and 1-3 illustrate the loss of coverage 
area resulting from operation of a single Fixed or Mobile 
Service station having high, medium, and low power, respectively. 
The area lost due to operation of a high power station corresponds 
to 94% of the visibility sphere around the earth station. For 
a medium power station, the loss of coverage area is about 37% 
of the visibility sphere, and for a low power station, 5%. 
The Random Interference Analysis Program* was utilized to 
simulate the multi-interferor interference environment based 
on the expected system parameters. Figure 1-4 presents the 
results of this analysis for a mix of high-, medium-, and low- 
power transmitters. The figure relates the probability of 
data loss to the number of terrestrial transmitters simultane- 
ously operating and visible to the radiometer. Only a few 
transmitters, simultaneously in view of the radiometer, will 
produce a total loss of data. The total overall world inter- 
ference situation for Fixed and Mobile Services, as well as 
Aeronautical Radionavigation, is illustrated in Figure 1-5. 
&see Appendix 11. 

Note: Shaded areas indicate region where interference, 
and therefore, loss of coveraqe occurs. Terrestrial 
station is located i n  center. 
Figure 1-2. Loss of Coverage Area Due to Single 
Medium Power Emitter - Fixed and 
Mobile Service 
Note : Shaded areas  i n d i c a t e  Y C : ~  Lon where i n t e r f e r e n c e  and, 
t h e r e f o r e ,  loss o f  coverage occurs .  T e r r e s t r i a l  
s t a t i o n  i s  loca ted  i n  c e n t e r .  
Figure 1-3 .  Loss of Coverage Area Due to S i n g l e  
Low Power Emitter - Fixed and Mobile 
Serv ice  
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Number of Fixed and Mobile Stations 
Figure 1-4. Data Loss vs. Number of Fixed and 
Mobile S t a t i o n s  
IIB-1-13 

Analysis of IFRB listings indicates that the fixed 
transmitters registered in Region 1 are largely operated by 
National PTT agencies, and, as such, are used for conunon 
carrier point-to-point service. Such operations are generally 
full period in nature, rendering time sharing, as a means of 
sharing the band, infeasible. 
1.2.3 Conclusions on Sharing with Fixed and Mobile Services 
Due to the large e.i.r.p.'s and numerous transmitters 
in the Fixed and Mobile Services in the 1300-1400 MHz spectral 
region, sharing on a simultaneous operational or time basis 
is considered infeasible. 

USER REQUIREMENTS 
The principal measurement for this band is estuarine 
salinity. Estuaries are relatively small bodies of water with 
a wide range of salinity. In this band, the primary measure- 
ment requirement is to limit the satellite beam pattern on 
the ground to a small percentage of the total estuarine area. 
For small estuaries, a 2-5 km maximum spatial dimension of the 
beam on the ground is adequate and requires a 10-25 meter antenna. 
For a satellite in a 500 km circular orbit, the beam will move 
one spatial resolution element in 0.2 seconds. The integration 
time, therefore, must be 0.2 seconds or less. 
The total salinity ranges to be sensed within an estuary 
are 10 to 35 parts per thousand. The required measurement 
accuracy is 2-5 parts per thousand. Using the sensitivity 
curves given in Part A, the required radiometer sensitivity 
is 0.2 to 0.5 K for a 10 C water temperature, and 0.6 to 1.5 R 
for a 30 C water temperature. The minimum sensitivity require- 
ment to span all surface temperature values of interest is 
0.1 to 0.3 K. 
The minimum radiometer bandwidth required to obtain a 
0.1 K radiometer sensitivity with a 0.2 second integration 
time is 60 MHz if a total power radiometer is used, and 
240 MHz if a Dicke switched radiometer is used. 
Salinity within an estuary is affected by storms and, on 
a longer time scale, by runoff of fresh water from rivers and 
streams feeding into the estuary. Marine organisms tolerate 
the rapid salinity changes associated with the storms, but are 
not tolerant to long term changes. Observations must be made 
with sufficient frequency to track changes caused by variations 
in runoff. Therefore, observations would be required once 
per week throughout each season. 
SHARING ANALYSIS 
There are five services currently allocated within the 
2.64 to 2.7 G H z  spectral region - these are the Fixed, Mobile, 
Broadcasting-Satellite, Fixed-Satellite (earth-to-space only), 
and Radioastronomy Services. 
Since the dadioastronomy Service can inherently share with 
another passive service, the following sections analyze the 
sharing potential between the Earth Exploration Satellite Ser- 
vice (passive) and each of the existing allocated services 
occupying the band. The Fixed and Mobile Services are treated 
together, due to the commonality of technical characteristics 
relevant to sharing. For the purposes of this analysis, the 
Fixed and Mobile Services category has been subdivided into the 
United States region and the International Telecommunications 
Union region. 
A.l Fixed and Mobile Service - United States 
2.1.1 Instructional ~elevision Fixed Service (ITFS) 
Within the United States, the primary user of the 
2.64 to 2.69 G H z  band is the Instructional Television Fixed 
Service (ITFS). The ITFS consists of a large number of 
small transmitter/receiver systems utilized to relay video 
and audio communications between educational institutions, 
or between a series of individual buildinqs at a single 
institution. 
The spectrum region available for use by the ITFS is 
divide2 into 31 separate channels, the assignments of which 
are controlled by the FCC. Seven of the 31 channels lie 
within the 2.64 to 2.69GHz region. These channels are 
* 
designated as the ITFS G and H channels. Figure 2-1 shows 
the approximate physical locations of the 65 ITFS systems 
presently operating on the G and H channel assignments. 
Fifty-four of the systems are located in the eastern United 
States, and eleven are located in California. 
2.1.1.1 Technical Characteristics 
The technical characteristics of the ITFS transmitters 
depend upon the separation between the institutions being 
served, and upon the number of receivers being accommodated by 
a single originating or relaying transmitter. The following 
two ITFS transmitter models appear to be representative: 
* "H" channels are used primarily by a few point-to-point 
2500-2690 MHz band. 
- - 
systems which are "grandfathered" in the 

(1) Antenna Type - Vertical stacked-array 
Antenna Pattern = 13 dB (i) horizontal gain, omni 
Transmitter Power = 7 to 10 dB (W)  
( 2 )  Antenna Type = paraboloid 
Antenna Gain = 26 dB(i) 
Transmitter Power = 8.5 dB(W) 
Approximately two-thirds of the 64 systems operating employ 
parabolic antennas. 
2.1.1.2 Sharing Considerations 
2.1.1.2.1 Simultaneous Operations 
Figure 2-2 relates the probability of data loss as a 
function df the number of ITFS stations simultaneously 
visible to an Earth Exploration Satellite for salinity 
measurements. The curves were generated using the Random 
Interference Analysis Program outlined in Appendix 11. 
Figure 2-2 indicates that a radiometer used for salinity 
measurements (interference threshold = -166 d B ( W ) )  
will, on the average, experience a 27% data loss while 
within view of a single ITFS transmitter. 
Number of Fixed Stations 
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The approximate areas of complete (100%) data loss due 
to interference from ITFS transmitters is shown in Figure 2-3 
for salinity measurements. 
The implications of Figures 2-2 and 2-3 are that 
simultaneous sharing between ITFS and spaceborne radiometers 
could not be accomplished over the eastern United States. 
Salinity measurements would not be feasible. 
2.1.1.2.2 Time Sharing 
The ITFS is generally used as a small area distribution 
system to transmit educational material from either a 
central source, such as drop-point of the Public Broadcasting 
Network, or from one classroom to another. The latter type 
of distrib,ution of ten in~ludes two-way communications, with 
a voice feedback channel (usually channel G 4 ) .  
ITFS systems are not used on a continuous basis. Typical 
schedules include transmission during the public school 
day (i.e., 8 a.m. to 4 p.m. ) , and possib: evening transmis- 
sions (i.e., 6 p.m. to 10 p.m.) to accommodate evening and 
night classes at Universities or Adult Education Centers. 
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The systems would not be expected to transmit between 
the hours of 10 p.m. and 8 a.m., local time. Coneequently, 
allowing for a 1-hour buffer zone, there should be no interference 
between the hours of about 11 p.m. and 7 a.m. local time. 
If the radiometer is flown in a clock-synchronous orbit whose 
local time of passage is between about 2 a.m. and 4 a.m., 
continuous nighttime coverage for coastal srlinity 
measurements would be possible. Therefore, time sharing 
is feasible, if ITFS channels G and H are restricted 
from operating during the period 8 a.m. to 10 p.m., local 
time. 
2.1.2 Fixed and Mobile Services - Worldwide 
A search of IFRB data files has inCicated that tht 
majority of fixed and mobile systems operating in this 
frequency band are located in Region 1, principally in Europe 
and the USSR. The systems characteristics indicate that 
both line-of-sight (LOS) and troposcatger systems are in use. 
There are approximately 100 LOS and 9 troposcatter reyistered 
assignments. A single assignment may, however, imply n~ultiple 
systems within the registerin? administration. 
2.1.2.1 Technical Characteristics 
Although individual system parameters vary considerably, I 
a typical LOS system wouid have the following characteristics: 
.-- 
Transmitter Power = 11.3 dB(W) 
Antenna Gain = 3 3  dB (i) 
and characteristics typical of troposcatter systems in 
the region are: 
Transmitter Power = 40 dB(W) 
Antenna Gain = 32 dB(i) 
2.1.2.2 Sharing Considerations 
2.1.2.2.1 Simultaneous Operations 
Figure 2-4 relates the probability of encountering 
interference, while making salinity measurements, to the 
number of LOS fixed and mobile stations visible to an EES 
satellite. Figure 2-4 indicates that a radiometer used 
for salinity measurements (i.e., interference threshold = 
-166 dB(W)) will, on the average, lose 27% of its data while 
in view of a single fixed or mobile transmitter. Implications 
of the figure are that a 100% loss of salinity data would occur 
if LOS stations are simultaneously in view of the radiometer. 
Nine of the listings in the IFRB files are apparently 
troposcatter communication systems. These systems are located 
in the European-Mediterranean area as indicated in Figure 2-5. 
The minimum interference power thac a system of this type would 
generate at a 500 km orbital altitude can be determined as 
follows: 
Number of Fixed Stations 
Figure 2-4 Data Loss vs. Number of Fixed 
and Mobile Stations Vis ib l e  
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Transmitter Power = 40 dB(W) 
Antenna Gain (backlobe) = - 10 dB(i) 
Spreading Loss (slant range - 
2500 km) = -139 d ~ ( m ~ )  
Effective Aperture Area of 
Radiometric Antenna - 2 -44 dB(m ) 
Interference Power at the 
Radiometer Receiver Input - -153 dB(W) 
Figure 2-6 shows the loss of coverage area resulting from 
the 9 troposcatter systems. This figure indicates that the 
radiometer will receive interference whenever a troposcatter 
system is within the radiometer's field of view. 
It should be noted, however, that Footnote 364D of the 
Radio Regulations states as follaws: 
"Administrations shall make all practicable 
effort to avoid developing new tropospheric 
scatter systems in the band 2655-2690 MHzn. 
It is therefore anticipated that the use of the troposcatter 
systems in Region 1 may gradually decline as communication 
needs are satisfied by other techniques. 
However, the overall analysis indicates that 
simultaneous sharing is not feasible. 
P 
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2.1.2.2.2 Time Sharing 
It is difficult to obtain detailed information regarding 
the duty cycles of world-wide fixed and mobile operations for 
both LOS and troposcatter systems. It cannot be assumed, 
however, that these systems will be inoperative during late 
night-early morning hours. Accordingly, time sharing in 
Region 1 is considered infeasible. Obviously, time sharing 
could be accomplished if nighttime restrictions on operating 
times could be imposed. 
2.1.2.3 Conclusions on Sharing with Fixed and Mobile Services 
In Region 1, aperations of the Fixed and Mobile Service 
preclude sharing with EES (passive) on an aqua1 allocation 
basis. However, EES (passive) allocations based on a non- 
interference basis (secondary or footnoted) would allow for 
limited remote sensing coverage now and in the foreseeable 
future. Unlimited coverage would require either a dedicated 
allocation or time-sharing, neither of which is considered 
to be practicable in light of the operational nature of current 
fixed and mobile systems. 
In Region 2 (specifically the United States), sharing 
on a primary basis with current services is feasible. The 
only technical criterion for sharing is that current 
services be restricted from operating between 11 p.m. and 
7 a.m. 
Based on available data few, If any, fixed and mobile 
systems are currently operating in Region 3 in this band. 
Consequently, there are two alternatives for sharing on a 
primary basis: 1) restrict operations of currently allocated 
services from 11 p.m. to 7 a.m.; or 2) allocate the 2.64-2.70 
G H z  band to the passive services, and delete the Fixed and 
Mobile allocation from the 2.64-2.69 G H z  band. 
2.2 Broadcasting-Satellite Service 
With the exception of the experimental ATS-6 spacecraft, 
most of today's interest in broadcasting-satellite operations 
is in the 11.7-12.2 G H z  region, due to the economical viability 
of smaller individual and community receiver antennas. Hard- 
ware has been developed and tested for this application in 
the United States, Europe (within the European Broadcasting 
Union) and in Japan. Consequently, it is anticipated that 
most broadcast-satellite operations will occur in the 11.7-12.2 
G H z  band, rather than in the 2 G H z  region. However, since 
the allocation is in existence, and since some U. S. use 
remains a possibility, sharing with the Broadcasting Service 
in the 2.64-2.69 G H z  band is analyzed below. 
2.2.1 Technical Characteristics 
Broadcast-satellites in the 2 G H z  region would employ 
large (20-30 ft.) reflector antennas with high output 
powers (100-200 W), in order to serve community receivers 
(additionally, Footnote 361B restricts broadcast-satellite 
operation to community reception in this band). Emission 
bandwidths would be approximately 40 MHz. In this band, 
broadcast-satellites are limited by Article 7 of the Radio 
Regulations to power flux densities (PFD's) of: 
0 -152 d~ (w/m2/4 kHz) for O0 (_ 6 5 So 
0 -152 d ~ ( ~ / m ~ + 3  (805)/4 kHz) for So 5 6 5 25' 
-137 dB (w/m2/4 kHz) for 2S0 j 6 f 90° 
where 6 is the angle of the incoming radiation, viewed from 
the ground station. 
2.2.2 Sharing Considerations 
2.2.2.1 Simultaneous Operations 
There are two possible interference paths from a broad- 
casting-satellite to a low orbiting satellite. Interference 
could either be received through the low-orbiting satellite 
antenna backlobe, or through reflection from the surface of 
the earth into the radiometer mainbeam. 
Assuming that SO%* of the radiation from a broadcast- 
satellite incident upon the earth is isotropically reflected, 
the equivalent radiated power from one square meter of the 
earth's surface would be approximately -140 dB(W/4 kHz). A 
remote sensor directed at 1 square meter of the earth's surface 
would sense: 
* National Bureau of Standards, Technical Note 101, May 1, 1966. 
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Reflected power density = -140 dB(W/4 kHz) 
Spreading Loss (500 km 
orbital altitude) = -125 d ~ ( m - ~ )  
Effective area of Radiometric 
Antenna = + 15 dB(m2) 
Received Power Density from a 
Square Meter of Earth = -250 dB(W/4 kHz) 
The area within the main beam of a 10-meter spacecraft 
2 antenna at 500 km orbital altitude is approximatcly +78 dB(m 1 .  
Therefore, the interference power at the input to the space- 
craft receiver would be approximately -173 dB(W/4 kHz). Since 
it is assumed that the emission bandwidth of the broadcast- 
satellite falls completely within the sensor receiver's bandwidth, 
the total power received would be on the order of -133 dB(W). 
This level is well above the threshold interference for 
salinity measurements (-166 d~(w)),and would preclude 
land as well as coastal region sensing where, for instance, 
time zone shaped broadcast-satellite antenna patterns will 
overlap the coastal waters. 
Interference entering the low-orbit spacecraft through 
the backlobes (-17 dB(i) gain) constitutes a similar level 
of interference, as seen from the following calculation: 
2FD at 500 km altitude = -137 dB(w/m2/4 kHz) 
Effective aperture area of 
radiometer antenna = - 47 d~(m*) 
-184 dB (W/4 kHz) 
or -144 ~ B ( W )  in the sensor receiver's bandwidth. Again, this 
is an intolerably high level of interference. 
Both of the above interference paths assume the 
radiometer to be located within the main beam of the 
broadcast-satellite. 
The following is a calculation of the interference 
seen at a radiometer sensing coastal salinity over the 
east coast from sidelobe emissions of a broadcast-satellite 
serving the Pacific Time Zone. Figure 2-7 shows the 
coverage of a typical broadcast-satellite shaped beam to 
serve the west ccast (shaded area). The "X" on the figure 
indicates the location of the spacecraft bearing the 
passive sensor. The angular separation of the two as seen 
from the broadcast-satellite is approximately 3 times the 
3 dB beamwidth of the broadcast-satellite. The relative 
sidelohe gain discrimination of the broadcast-satellite 
antenna is taken in this anaiysis to be: 
G~ = 12.5 + 25 log ( @ ' @ o ) *  
where GI, = Gain down from main beam (dB) 
4 = Off axis angle to radiometer 
@ = 3 dB beamwidth of Pacific Time Zone 
coverage beam (1.8O) 
This indicates that 24.5 dB of discrimination is 
provided by the broadcast-satellite. Referring back to 
the reflected interference path previously calculated, the 
same analysis applies, and the interference level at the radio- 
meter from the reflected path would be: 
* CCIR Draft Report AF/10-11, Geneva, 1976. 
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Reflected Path = -133 - 24.5 = -157.5 dB(W) 
Sharing on a sinultaneous operation basis is therefore 
infeasible. 
2.2.2.2 Time Sharing 
Time sharing with broadcasting-satellites is more dif- 
ficult than time sharing with ITFS systems. A passive sensor 
attempting to obtain data over the east coast of the United 
States would be illuminated by a broadcast-satellite operating 
to service ti.-: west coast. This restricts time sharing 
possibilities to between 2-4 a.m. local time, assuming normal 
broadcasting-satellite operations are from 7 a.m. to 11 p.m. 
local time. Thus, time sharing with the Broadcasting-Satellite 
Service is considered feasible only if a properly chosen 
sun-,synchronous orbit is employed and if broadcast-satellite 
emissions are restricted to between 7 a.m. and 11 p.m. local 
time. 
The above hours of time sharing feasibility are deter- 
mined using the reference radiation diagram proposed for 
broadcasting-satellites in CCIR Draft Report AF/lO-11. 'l'his 
reference pattern was derived based on antennas of current 
design, employing little sidelobe radiation control. It is 
technically feasible, if care is taken in antenna design, 
to provide up to 30-35 dB first and second sidelobe 
discrimination. An effort ouch as this would substantially 
alleviate the narrow time span during which time sharing is 
feasible allowing remote sensing of areas two time zones 
away from a broadcast-satellite service zone. 
2.2.3 Conclusions on Sharing with the Broadcasting-Satellite 
Service 
~ l t h ~ u g h  only Region 2 is expected to use the 2.64-2.69 
GHz band for broadcasting-satellite application, it appears 
that the operational scenario of a typical broadcast link 
would allow for time sharing with the passive spaceborne 
microwave radiometry. 
2.3 FIXED-SATELLITE SERVICE (EARTH-TO-SPACE) 
Use of the FAxed-Satellite Service in the 2.64 to 2.69 GHz 
band is envisioned to be primarily for "thin routen cornmud- 
cation links to remote parts of the earth. Experiments 
performed with the NASA ATS-6 spacecraft have shown the 
practicality of provieing communications to sparsely populated 
areas via space links. This type of service is presently 
under review by various commercial organizations and several 
administrations. The majority of thin-route communication net- 
works would not operate 100 percent of the time, but would be 
operated only when necessary. The only station with a 100% 
duty cycle would be the control station. 
2.3.1 Technical Characteristics 
Based on the assumption that use of the band for fixed 
satellite operation mama occur, the following characteristics 
are hypothesized as representation of systems which may 
use the band. 
Single channel per carrier 
Antenna size = 1-2 meters* 
Antenna gain = 22 dB(i) 
Transmitter Power = 10 dB (W) 
2.3.2 Sharing Considerations 
2.3.2.1 Simultaneous Operations -
A typical earth station with the above operational 
characteristics operating at 40°N latitude and pcinted to 
the geostationary orbit produces a power at the 500 km 
orbital altitude of approximately -95 d~(~/rn*). In the 
backlobes of the earth station antenna, this power flux may 
be as low as -135 d ~ ( ~ / m ~ ) .  In the backlobes of the radio- 
meter antenna, the highest allowable power level is -122 
Figure 2-8 shows the area surrounding such a transmitting 
fixed satell.ite earth station which would be lost to radio- 
i meter measurements. If this statisz is assumed to be a cont,ral 
station, the area would be permanently lost t~ the radiometer. 
I The maximum number of such earth stations which could 
I simultaneously be in view and still allow for limited data 
collection would be 6-8. Beyond this number 100% data loss 
would occur from cunalative sidelobe interference. 
* The use of small apertures is intended to circumvent 
accurate pointing requirements. 

If extensive use is made of the Fixed-Satellite 
Service earth-to-space allocation in this band, sharing 
on a simultaneous operation basis would be considered 
infeasible. 
2.3.2.2 Time Sharing 
Under the assumption that this band will be used only 
for thin-route, on-demand, low duty cycle operation, time 
sharing with passive remote sensors should be feasible. 
2.3.3 Conclusions on Sharing with Fixed-Satellite Service 
Since simultaneous operations with the Fixed-Sztellite 
Service (earth-to-space) operations is untenable, the only 
alternative is time sharing. Current indications are that 
time sharing wc\uld be possible in all regions since the 
number and duty cycles of fixed-satellite systems expected 
to be operating in this band will be mall. 
SECTION 3 
FREQUENCY BAND 4.950-5.000 GHZ 
USER REQUIREMENTS 
The principal measurement in this frequency band is 
estuarine surface temperature. This band was selected to 
maximize the response of the radiometer to surface temperature 
changes. Selecting a frequency for maximum response minimizes 
the integration time and bandwidth required to measure the 
phenomenon. 
Satellite measurements of estuarine surface temperature 
require small antenna beamwidths in order to separate the 
water surface from the land. The maximum dimension of the 
beam footprint on the water surface is 5 km for observations 
of large estuaries. A 2 km resolution is optimum, as this 
maintains a balance between antenna size and the number of 
estuaries that can be sensed. For a satellite in a 500 ::m 
circular orbit, a 2 km resolution (0.2" beam) requires a 
15-20 meter antenna, depending upon the pointing angle. 
Since the beam traverses a point on the surface in less than 
0.2 seconds, the integration time must be less than 0.2 seconds. 
The measurement range of surface temperature is 0-30 C. 
Measurements with a 2 percent accuracy (0.5 C )  are required 
to map the smaller changes that occur within an estuary. The 
sensitivity values of Part A indicate that the required 
radiometer sensitivity is 0.3 K. Using the equation relating 
integration time to bandwidth for a Dicke switched radiometer 
with a 300 K noise temperature, the required bandwidth is in 
excess of 45 MHz. 
To map an estuarine region, a swath of at least 50 km 
wide is needed. A 50 km swath requires a minimum of 25 beam 
positions. For a scanning radiometer, the minimum integration 
time for each beam position would be 0.08 seconds, and 
would require a bandwidth of 1.13 GHz. Since the maximum 
available possible bandwidth is 50 MHz, a multibeam antenna 
with a 8.2 second integration time would be required if a 
Dicke switched radiometer is used. 
Surface temperature observations are used to detect 
nutrient rich regions, which indicate thermal pollution, and 
observe water circulation within the estuary. These observa- 
tions must be made often in order to map the rapid time 
fluctuations of the phenomena. This requires obs~rvations 
on a daily basis. Daily observations are also required for 
the enforcement of environmental regulations. 
SHARING ANALYSIS 
Portions of the 4.95-5.00 GHz band are currently allocated 
to the Fixed, Mobile and Radio Astronomy Services on a world- 
wide basis. 
Since radio astrowmy (4990-5000 MHz) can inherently share 
with another passive service, the following sections discuss 
the frequency sharing potential between the Earth Exploration 
Satellite Service (passive), and the Fixed and Mobile Service 
in the 4.95-4.99 GHz region. 
3.1 Technical Characteristics 
3.1.1 United States Operations 
Within the United States, the primary users of the 
4.95-5.00 GHz band are the U. S. Navy and Air Force, 
employing fixed and mobile systems for trsnsportable radio 
communications. Geographically, these systems are located 
primarily in the eastern and western extremes of the 
United States. 
Although the technical characteristics of these fixed 
and mobile systems may vary, the following two system 
characteristics predominate: 
System 1 
Transmitter Power = 7 dB(W) 
Antenna Gain = 38 dB(i) 
System 2 
Transmitter Power = 30 dB(W) 
Antenna Gain = 38 dB(i) 
The United States frequency assignment data files indicate 
that there are approximately 50 assignments for each of the 
above generic systems. However, many of the individual assign- 
ments indicate multiple transmitter system networks. 
World-Wide Operations 
Although a large number of assignments have been identified 
in IFRB data files, little information exists as to their 
operational nature. Additionally, many of the assignments 
do not have antenna gains specified. 
There are.24 assignments in Europe, primarily in France, 
Holland and Germany, which are in the 68 dB(W) e.i.r.p. range, 
and 28 assignments in the 45 dB(W) e . i . r . p .  range. 
3.2 Sharing Considerations 
Assuming the typical output power levels of U.S. and world- 
wide systems to be similar, the Random Interference Analysis 
Program (Appendix 11) outputs are applicable to both systems. 
3.2.1 Simultaneous Operations 
Figure 3-1 presents the results of the output of the 
Random Interference Analysis Program. The program simulation 
assumed an equal mix of high and lower power systems. 
Figure 3-1 relates the number of terrestrial transmitters 
visible to a radiometer at a 500 km orbital altitude to the 
probability of data or coverage loss. As shown in the figure, 
r. 100% data l ~ s s  would occur if approximately 10 or more trans- 
mitters sre simaf2aneously in view. 
Figure 3-2 shows the anticipated areas of data loss due 
to simultaneous operation of the terrestrial systems. The 
interference regions represent areas within which it is anti- 
cipated that 10, or more, terrestrial transmitters will be 
simultaneously in view from the radiometer. 
This analysis indicates that sharing on a simultaneous 
operation basis is infeasible. 
3.2.2 Time Sharing 
Although it is expected that operations of terrestrial 
systems in this band will decrease during the nighttime hours, 
it cannot be assumed that this Is, or will be, the normal 
operational schedule. Time sharing, therefore, is considered 
infeasible. Obviously, time sharing could be accomplished 
if nighttime restrictions could be imposed. 
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3.3 Conclusions on Sharing with Fixed and Mobile Services 
Sharing on a simultaneocs operational basis between space- 
borne passive microwave sensors an4 the Fixed and Mobile Ser- 
vices in the 4950-4990 MHz band is not feasible. Time sharing 
in this band is also considered infeasible. 
Sharing on a simultaneous operational basis between the 
space passive services and the Radio Astronomy Service in the 
4990-5000 MHz band is feasible. 
SECTION 4 
FREQUENCY BAND 6.425 - 7.250 
USER REQUIREMENTS 
The principal measurement in this frequency band is 
ocean surface temperature. Although this band does not 
correspond to the frequency which maximizes sensitivity to 
surface temperature, the frequency is adequate for ocean 
temperature measurements. 
Surface temperature measurements over the open ocean 
require spatial r~esolutions on the order of 20 km. A 20 km 
resolution is adequate for detecting movements of the Gulf 
stream ard to delineate regions for fishing operations. For 
a satellite in a 560 km circular orbit, a 20 km resolution 
(2O beam) requires the use of a 1-2 meter antecna, depending 
upon the pointing angle. Sifice the beam traverses a point on 
the surface in less than two seconds, the integration time must 
be less than two seconds. 
The measurement range of surface temperatur~s is 0-30 C. 
Measurements with a two percent accuracy (0.5 C) are required 
to differe:itiate Gulf stream movement and areas of fishing 
importance. The sensitivity curves of Part A indicate 
that- the required radiometer sensitivity 1s 0.3 K. Using the 
equation relating integration time to bandwidth for a Dicke 
Switched radiometer with a 300 K noise temprature, the 
required bandwidth is in excess cf 5 MFz. 
In order to map an ocean region, a swath width of 800 km, 
utilizing 40 beam positions, is required. For a scanning 
system, the minimum integration time would then be 0.05 
seconds per beam position. The minimum bandwidth for a 0.05 
second integration time is 200 MHz. 
Ocean surface temperatures change relatively slowly, and 
one observation per week is adequate. 
SHARING ANALYSIS 
The only world-wide primary allocation currently in the 
6.425-7.250 GHz band is for the Fixed and Mobile Services. In 
Brazil, Canada and the United States, however, the band 
6625-7125 MHz is also allocated, on a secondary basis, to the 
Fixed-Satellite Service for space-to-earth transmissions. 
The following sections analyze the sharing potential 
between  he Earth Exploration Satellite Service (passive) and 
the Fixed and X~bile Services for sharing on a primary basis. 
4.1 Technical Characteristics 
Use of this band throughout the United States, as well as 
all other regions of the world, is quite extensive. IFRB data 
files indicaie approximately 1000 world-wide frequency assign- 
ments*, and each assignment may indicate multiple transmitter 
systems. Many of the systems appear to be line-of-sight micro- 
wave links with transmitter powers on the order of 1-20 watts. 
Antenna gains for these systems are in the 38 to 42 dB(i) range. 
Additionally, there are numerous assiqnfients in the multi- 
kilowatt cntput power range,which appear to be tropcxatter 
*This analysis concerns itself with a specific 200 MHz band 
within the 6.425-7.25C GHz spectral band - namely 6.500-6.700 
GHz. The specific frequency region chosen is based on hardware 
currently under developme~rt .
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systems. The major l o c a t i o n s  nf t h e s e  l ine -o f - s igh t  and t ropo  
systems a r e  t h e  United S t a t e s ,  Canada, Uraguay, Argentina,  
most of  Europe and Mexico. 
4 .2  Sharing Considera t ions  
4.2.1 Simultaneous Operat ions 
The harmful i n t e r f e r e n c e  l e v e l  experienced by a c o a s t a l  
temperature measurement radiometer  i n  t h i s  frequency band is 
-158 dB(W). I n t e r f e r e n c e  occurs  when t h e  pass ive  sensor  i s  i n  
view of  any number of  emitters whose ou tpu t  powers 
t o t a l  2.0 kW o r ,  e q u i v a l e n t l y ,  33 dB(W). This  is  seen from 
t h e  fol lowing c a l c u l a t i o n :  
- Output Power - 33 dB(W) 
Antenna Gain - - 5 d B ( i ) *  
spreading Loss = -134 d~ (m-2) ** 
2 
~ f f e c t i v e  Area = - 52 dB(m ) (antenna s ide- lobe)  
of Radiometer 
Antenna 
-158 dB(W) 
I n  o r d e r  t o  sense  t h e  s u r f a c e  tempera tures  of  c o a s t a l  
and e s t u a r i n e  reg ions  o f  a given c o n t i n e n t ,  t h e  pass ive  sensor  
w i l l ,  of n e c e s s i t y ,  be i n  view of  t ransmit  o r s  approximately 
2500 km in land  from t h e  c o a s t  ( t h i s  i s  equal  t o  about  halfway 
ac ross  t h e  TJnited S t a t e s ) .  If a t y p i c a l  t e r r e s t r i a l  t r a n s m i t t z r  
*Small CCIR r e fe rence  antenna p a t t e r n .  
**Average spreading l o s s .  
in this band employs 40-100 watts of output power, then inter- 
fsrence will occur to coastal temperature measurements when 
20-50 of these systems are operating and simultaneously visible 
to the passive sensor. The large population of terrestrial 
transmitters in the U. S. and world-wide in this frequency 
band indicates that at least 40-1CO terrestrial transmitters 
will be simultaneously visible to the passive sensor when near 
coastal areas. Figure 4-1 presents the approximate areas of 
the world where interference would be experienced. This figure 
shows that even ocean temperature measurements would experience 
extensive interference. 
4.2.2 Time Sharinp 
Due to the expected operational nature of line-of-sight 
and troposcatter communication systems, and the large popula- 
tion of these systems world-wide, time sharing in this band 
is considered infeasible. 
4.3 Conclusions on Sharing with Fixed and Mobile Services -- 
Simultaneous operaticns between spaceborne passive micro- 
wave sensors and the Fixed and Mobile Services in the 6.5-6.7 GHz 
region is not feasible. Time sharing is also considered in- 
feasible. 
ORIGINAL PAGE IS 
OF PO03 QUALITY 
Simultaneous operation with this service is therefore 
infeasible. 
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APPENDIX I 
GAIN-RANGE QUOTIENT ANALYSIS 
Gain-range quotient calculations permit the generation 
of a map that pictorially describes the loss of coverage 
area that results from interference to a passive sensor. 
The gain-range model is based upon a parametric 
analysis of potential interference situations. The harmful 
interference power, APg, seen at the passive radiometric input 
is given by: 
, 
APH = 0.2 kAT 8 (W) 
where k = Boltzmann's constant (Watts/K/Hz) 
= Receiver minimum discernible temperature 
differential (K) 
B = Receiver bandwidth (Hz) 
In relation to the interfering source, 
where: Gt = Gain of transmitting antenna 
Pt = Power of transmitting source (Watts) 
GR = Gain of receiver antenna 
A = Wavelength (meters) 
R = Ra~ge (meters) 
Rearranging Equation ( 2 )  
In this analysis, the right hand side of Equation 3 
is termed the "gain-range quotient" and may be calculated 
independently of APH, Pt and A as follows. The area of 
the spacecraft's orbital sphere visible to a given 
terrestrial station is divided into small incremental 
regions called "bins", (e.g. 2 O  x 2 O  latitude-longitude 
regions, see Figure 1-1). For each of these regions, the 
gain of the spacecraft antenna in the direction of the 
terrestrial station, the gain of the terrestrial station 
in the direction of the spacecraft, and a range between 
the spacecraft and the terrestrial station may be calculated. 
With these values determined, the gain-range quotient is 
known. Under the assumption that the bins are small and 
the functions are slowly varying, the gain-range quotient 
for each bin is assumed to apply over that entire bin 
area. 
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If this process is repeated for each bin, a map of 
gain-range quotients vs. spacecraft location is achieved. 
It should be noted that the gain-range quotient map is, 
at this point, independent of frequency, transmit power 
and harmful interference power. It is dependent only on 
the orbital altitude and specific antenna patterns used 
for the spacecraft and terrestrial station. If the 
antenna patterns used closely represent the terrestrial 
and space systems, then all that need be done to determine 
approximate interference regions on the map is to calculate 
the minimum tolerable gain-range quotient using APH, Pt, A, 
etc. from   qua ti on 3 .  
The utility of this approach lies on the map-like 
presentation of potential interference regions. Passive 
spaceborne sensors, are generally used to produce radiance 
maps of the earth's surface or atmosphere. The interference 
maps indicate regions of the earth's surface which are 
unavailable for sensor operation. Figure 1-2 presents an 
example map. The gain-range program differs from the 
Random Interference Analysis Program (Appendix 1I)in that 
it is intended to generate the areas of geographical 
coverage lost to a spaceborne radiometer when in view of 
a single terrestrial station. 
Note: Shaded areas  indicate  region where interference 
and therefore,  los s  of coverage occurs. 
Terres.: r i a l  s t a t i o n  i s  located i n  center.  
Figure 1-2 Sample Loss of Coverage Area Map 
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APPENDIX I1 
RANDOM INTERFERENCE ANALYSIS PROGRAM 
The Random Interference Analysis Program was developed 
to determine the cumulative effects of numerous terrestrial 
stations simultaneously visible to a spaceborne radiometer. 
This technique utilizes a random number generator to 
place terrestrial stations within the field of view of the 
radiometer, The terrestrial stations are located at random 
great circle distances from the spacecraft subsatellite 
point, and assigned a random pointing direction. Based upon 
the terrestrial transmit power, gain patterns of both the 
terrestrial and radiometer antennas, and range to the space- 
craft, the interference power at the input to the radiometer 
is calculated. If the calculated level of interference is 
above the radiometer threshold, the program notes that one 
station caused interference. If the level is not above 
threshold, a second station is randomly plazed in the region 
visible to the radiometer, and its interference power is 
calculated and added to that of the first station. The result 
is again compared to the radiometer threshold. This process 
js continued until the radiometer interference threshold is 
exceeded. 
In order for this process to generate meaningful results, 
it is necessary to repeat the above procedure a large number 
of times to obtain a statistically significant number of 
samples. 
Table 11-1 presents an example output of the program, 
at the point where the cumulative interference exceeds the 
radiometer threshold. Column two indicates the number of 
times that the interference threshold was reached or excesded 
for the n w s r  of stations in Column 1. For example, row 1 
of Table 11-1 indicates that interference from a single 
station, placed and pointed randomly, exceeded the radiometer 
threshold 132 times. This corresponds to a 13.2% (based on 
1000 total samples) probability. In 319 samples, interference 
from two stations exceeded the interference threshold corre- 
sponding to a 31.9% probability. For these 1000 data samples, 
the rad~ometer could tolerate no more than 10 stations and 
radiometer data was lost whenever 10 or more were simultaneous- 
ly in view. 

APPENDIX I11 
ANTENNA PATTERNS 
Due t o  t h e  n a t u r e  o f  t h e  mu l t i f r equency  a n a l y s e s  performed, 
it h a s  n o t  been ? o s s i b l e  t o  o b t a i n  a c t u a l  meaoured an tenna  
p a t t e r n s .  The re fo re ,  it h a s  been n e c e s s a r y  t o  ~ t i l i z e  s e v e r a l  
mathematical  enve lope  p a t t e r n s  approximat ing  a c t u a l  an tenna  
p a t t e r n s .  
1. P a s s i v e  Radiometer Antenna Pa tLe rns  
An under - i l lumina ted  an t enna  enve lope  p a t t e r n  was developed 
to  model narrow " p e n c i l "  beams, used by radiomete.-s f o r  ob- 
t a i n i n g  h i g h  r e s o l u t i o n  maps o f  t h e  e a r t h ' s  s u r f a c e .  A PO% 
beam e f f i c i e n c y  (90% o f  t h e  ene rgy  e n t e r i n g  t h e  an t enna  e n t e r s  
wzth in  t h e  -20 dB p o i n t s )  i s  p o s t u l a t e d .  The f i r s t  s i d e l o b e  
l e v e l  is  assumed t o  have a  f i x e d  l e v e l  ex t end ing  t o  5 L i m e s  t h e  
3 dB h a l f  a n q l e ,  and r e c e i v e s  7 %  o f  t h e  energy .  The secondary 
s i d e l o b e  r e g i o n  e x t e n d s  t o  an o f f - a x i s  a n g l e  o f  90°,  and 
r e c e i v e s  2% of  t h e  energy .  These s i d e l o b e  ga in  l e v e l s  a r c  a 
r e a s o n a b i e  approximat ioq of  an  unde r - i l l umina ted  p e n c i l  beam 
antenna .  The development of  t h i s  p a t t e r n  i s  based  on conser -  
v a t i o n  o f  energy  p r i n c i p l e s  ( i . e . ,  t h e  g a i n  summed over  t h e  
e n t i r e  an tenna  must equa l  t h a t  o f  ar, i s o t r u p e .  ) F i g u r e  IT.1.-1 
shows t h e  enve lope  p a t t e r n  of  t h e  s imu ia t ed  an tenna .  
I 
I 
I 
I 
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Figure 111-1. Under-Illuminated Antenna Radiation Pattern 
2. T e r r e s t r i a l  and Ear th  S t a t i o n  Antenna P a t t e r n s  
The p a r a b o l i c  t e r r e s t r i a l  and e a r t h  s t a t i o n  antenna 
p a t t e r n s  used i n  t h e  sha r ing  ana lyses  were based on CCIR 
recommended p a t t e r n s .  S p e c i f i c a l l y ,  CCIR  95th p e r c e n t i l e  
peak s ide- lobe  g a i n  p a t t e r n s  g iven by: 
G (8) = 32-25 log  ( 8 )  f o r  D/X>100 
G (8)  = 38-25 log ( 8 )  f o r  D/Xc100 
where: G(8) = t h e  s ide- lobe  antenna g a i n  re fe renced  t o  
an i s o t r o p i c  (dB (i) ) 
8 = o f f - a x i s  ang le  a s  seen a t  t h e  antenna (deg.) 
D = antenna d imeter  (m) , and 
X = wavelength (m)  
3. Fixed-, Mobile- and B r o a d c a s t i n g - S a t e l l i t e  Antenna P a t t e r n s  
The r e f e r e n c e  r a d i a t i o n  antenna p a t t e r n s  recommended f o r  
use  f o r  b r o a d c a s t i n g - s a t e l l i t e  antennas  i s  conta ined i n  C C I R  
D r a f t  Report AF/10-11 Geneva, 1976  and is a s  fo l lows:  
B 
G~ = -12(%l2 f o r  0 ~ ~ ~ 1 . 4 4 f i ~  
GD = -25 f o r  1 .44$oC $5 3.16 
f o r  3.16 $,<$ 
where : $o = 3 dB beamwidth (deg . )  
= o f f - a x i s  ang le  (deg.) 
GD = ga in  d i s c r i m i n a t i o n  
This pattern very c l o s e l y  approximates t h a t  pattern cur- 
r e n t l y  accepted for  the  F i x e d - S a t e l l i t e  Service  and therefore  
it has been used f o r  a l l  the  geostat ionary spacecraft  sharing 
analyses  . 
APPENDIX IV 
INTER-SATELLITE SYSTEM DEVELOPMENTS 
1. INTRODUCTIOE -
This annex describes the generalized models used to 
determine transmission parameters for satellite links in 
the Inter-Satellite Service and presents sample interference 
analyses for the 54.9 to 55.1 GHz band. Two types of system 
models are considered, a non-tracking communication system 
utilizing antennas which are fixed to the body (or despun 
portion) of the spacecraft, and a system atilizing tracking- 
antennas, i.e., antennas which may be pointed independently 
of the spacecraft attitude perturbations. The principal 
difference between these two models is that the antenna 
beamwidth of the non-tracking system must be large enough 
to accommodate the relative angular motions of both the 
transmitting and receiviiiq spacecraft. 
2. GEOSTATIONARY-TO-GEOSTATIONARY SATELLITE MODELS 
2.1 Non-Tracking Inter-Satellite Systems 
One of the models used to describe the non-.:.racking geo- 
stationary-to-geostationary inter-satellite systems is based on 
information contained in CCIR Document 451-1 (rev 76). This 
document gives values for expected satellite relative station- 
keepinq errors of future inter-satellite systems and are as 
follows: 
Altitude variation + - 12 km 
These values are relative in that it is expected that the phase 
of the cyclic orbital perturbation of the two inter-satellites 
would be as closely matched as possible, in order to reduce the 
apparent angular potion of one spacecraft as seen from the 
other. Figure 1 illustrates the effect of the relative station- 
keeping errors in terms of apparent angular displacements as a 
function of the geocentric orbital separation of the two space- 
craft. 
Figure 1 indicates that for relatively small angular 
separations, (e.g., up to about 30°)  the altitude variation 
causes the largest uncertainty in the location of the space- 
craft, while at large separation angles the dominant factor is 
the east-west station-keeping capability. 
Since, for the non-tracking system, the antenna beamwidths 
must be wide enough to encompass the relative satellite station- 
keepinq errors, in addition to compensating for the transmitting 
satellites attitude errors, Figure 1 implies that narrowbeam 
high-gain antennas can only be utilized when the two satel- 
lites are sufficiently separated in orbit. 
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Equation 1 gives the power required by the transmitting 
satellite as a function of the satellite separations, antenna 
diameters, frequency and other link and physical parameters of 
the inter-satellite system. 
T D 2 
where: G = main beam gain = (I;-) rl 
f = frequency (GHz) 
X = wave length (m) 
T = receiver temperatue = 9~00- 
p = power (Watts) 
D = antenna diameter (m) 
R = range (m) = R 2 (1-Cos B) 
9 
R = geostationary distance to center of Earth 
9 
jl = geocentric separation angle (deg) 
K = 1.38 x 10 -23 dBW/K/Hz Boltzmann ' s constant 
b = bandwidth (Hz) 
C/N = carrier-to-noise ratio 
Three of the terms shown in Equation (1) require eluclaa- 
tion. The receiver noise temperature variation with frequency 
is based on a noise figure of 15 dB at 55 GHz. The bandwidth 
and carrier-to-noise ratio chosen for the non-tracking model 
are 100 MHz and 30 dB respectively. These values are typical 
of communication links that may be used by Intelsat type traffic 
(i.e., generally multiplexed voice-traffic). Since the service 
requirements for commercial traffic are generally quite high, 
it is felt that these requirements represent a practical worst 
case for developmenc of the transmit power for non-tracking 
systems, and therefore for interference to a spaceborne 
radiometer. 
It should be noted that one of the principal reascns put 
forth by the fixed-satellite community for utilizing inter- 
satellite links is the reduction of the time delay which would 
occur over a fixed satellite two-hop link. T?is time delay 
could be considerably reduced by utilizing close inter-satel- 
lite relays between spacecraft. Howevx, two inter-satellite 
spacecraft having an orbital separation of 30' would have 
66% of the time delay of full two-hop system. For this 
reason, it would be expected that the commercial voice traffic 
would be restricted to inter-satellite communications between 
relatively closely space spacecraft. 
2.2 Tracking Inter-Satellite Systems 
It is possible that inter-satellite systems which do not 
utilize "Intelsat-type" traffic will come into existance. For 
example, earth resource images, or other types of wide band 
digital data, may be relayed between geostationary spacecraft. 
Such systems would require greater information bandwidths than 
the previous1.y discussed systems but would carry digital traffic 
which is not impacted by propagation delays. For the purposes 
of this analysis a digital signal, with a 200 MHz information 
bandwidth, is assumed. 
Further it is assumed that a post-detection S/N ratio 
of 20 dB would be sufficient and that this would be accomplished 
via a first detection C/N of 10 dB and a modulation technique 
(spread spectrum) yielding 10 dB processing gain. This implies 
that the originai 200 MHz inf3rmation bandwidth would be spread 
on the order of 10:l and therefore the transmitted bandwidth 
would be approximately 2 GHz. 
2.3 Transmitter Power Requirements 
Figure 2 presents the inter-satellite transmit power require- 
ment for the tracking-antenna system model and for two different 
nun-tracking system models as a function of spacecraft orbital 
separation. The non-tracking system models are developed by 
utilizing an antenna beamwidth large enough to encompass the 
maximum angular area of uncertainty (shown in Fiqure 1) in 
addition to a O.1° attitude uncertainty. Figure 2 presents the 
required power for non-tracking systems with antenna diameter 
upper limits of 1.2 and 2 meters. The tracking system is as- 
sumed to utilize a O.1° beamwidth antenna. 

Theee models lead to parameters which may be reasonable 
for inter-satellite systems in the 50 to 60 GXz portion of the 
spectrum; that is, maximum antenna sizes of either 2 meters 
for the non-tracking system (i.e., compatible with large launch 
vehicles) or 4 meters for the tracking systems (compatible with 
shuttle-type payloads). 
Figure 2 indicates that at 54 GHz the non-tracking system 
has an optimum (i.e., minimum power) angular separation. This 
occurs because the increased achievable gain as the spacecraft 
are separated, more than compensates for the increasing raxige 
between ths spacecraft. The minimum power requirement is 
reached at the pnint where the antenna size reaches the indicated 
limit even though the relative angular motions of the spacecraft 
are still decreasing. From this point on, the antenna gain 
remains constant and the transmit power must be increased to 
compensate for the tncrea~ed spreading loss as the spacecraft 
separations are increased. At geocentric spearztion angles 
beyond about 30° the transmitting power requirements for non- 
tracking systems rapidly become prohibitive. 
Since worst case interference to a low orbiting radiometer 
would occur from geostationary spacscraft communications across 
large orbital arcs (and therefore grazing the earth's limb), 
the technical parametors of tracking geostationary-to-geostationary 
inter-satellite systems are utilized in all sharing analyses to 
which this Appendix applies. 
2.4 Interference Analysis Procedure 
In order to assess potential interference from geostationary- 
to-geos:ationary satellite links it is necessary to make certain 
assumptions as +o the technical characteristics of the link. A 
method by which ar upper bound on the potentlal interference may 
be placed is described below. 
Since the level of interference received by either a limb 
sounder or a nadir-looking radiometer is a function of the 
orbital separation of the geostationary spacecraft (which 
determines the required transmit power and off-axis antenna 
gains), the following figures present the interference level as 
a function of orbital separation angle of the geostationary 
spacecraft. 
Fiqure 3 illustrates the worst case interference level 
received by a nadir-looking radiometer when two geostationary 
satellites are communicating with one anothcr. Additiondlly, 
the interference threshold for the radiometer is shown by the 
dashed line. As illustrated in the Figure, no j n  "erszce 
will occur. Interference threshold is approack i . ! - ,y when the 
~ a i n  bean of the transmitting Inter-satellite S ~ C I L G Z , ~ ~  p- 
proaches thc earth - even ir this case, the interf . : i; 
10.7 dB below the threshold of the radiometer. 
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It should be noted that there has been no allowance madti 
for atmospheric loss in the interference path in this portion 
of this analysis. These losses, however, will provide additi0n.J 
margin   gain st interference. 
The conclusion, then, is that nadjr-looking radiometers should 
experience no interference from geosta' ~onary-to-ge~stationary 
communication links in the 54.9-55.1 GHz inter-satellite band. 
Figure 4 illustrates the power received by a limb-sounding 
radiometer under worst case* conditions as a function of the 
separation of the inter-:- :ellite spacecraft. The interference 
level for the radiometer is indicated by a dashed line in the 
figure. 
The peak interference level presented in Figure 4 represents 
a maip-beam to main-h~~m coupling situation between the geo- 
statlonary spacecraft and the limb sounder. Althouqh t h ~ s  
situation in reality would not occur for anticipated Earth 
Expl~ration Satellite orbits, it is presented only to set an 
upper bamd on potential interference. In this examole, a maxi- 
mum interiererce level of 68 dB above threshold could be en- 
countered. 
In order to bcun? the area of the orbital sphere in which 
interference above threshold would occur, it is necessary to 
determine the relative =ition of the radiometer spacecraft to 
provide antenna discriminations equal to 68 dB. 
*This worst case condition is defined as the main beam of the 
radiometer pointing directly at the transmitting inter-satellite 
sy s+.em. 
X-2 5 

Figure 5 presents minimum coeined antenna discrimination 
as a function of east-west and north-south relative motion of 
the radiometer away from the point* of maximum interference. It can 
be seen from this figure that an east-west motion of the radiometer 
of only 0.5O yields the required discrimination, while a north- 
south motion of 12' is required. These angles then, respectively, 
represent the semi-minor and semi-major axis of a pseudo-elliptical 
region lying on the equator with the long axis (12O x 2 = 2 4 O  
in length) oriented in the north-south direction. This region 
represents about 3% of the total 500 km orbital sphere. 
This 3% loss represents the worst case and for all other 
geometrical configurations the interference area would signifi- 
cantly be diminished. Additionally, for geostationary satellite 
spacings of less than 70°, no interference would be encountered 
by the radiometer, whether nadir looking or limb sounding. 
Since this worst case 3% loss of sensing area would occur 
only for an inter-satellite system communicating across a 160' 
arc of the geostationary orbit, and a much reduced interference 
region dould occur from inter-satellite systems operating across 
less than 150° of the geostationary orbit, this situation* would not 
occur in practice and therefore it is concluded that limb-sounders 
can share with geostationary-to-geostationary inter-satellite 
links. 
*Refers to hypothetical situations of 1) a polar orbit/side: 
looking limb sounder and 2) an equatorial orbit with'a long 
track pointing of the limb sounder. 

3. GEOSTATIONARY/LOW-ORBIT SATELLITE MODELS 
3.1 Sytem Model 
The communication system parameters for a geostationary/ 
low orbit satellite, a 200 MHz information bandwidth 
spread over a 2 GHz transmission bandwidth and a required 
receive C/N of 10 dB, are assumed to be the same as for 
geostationary-to-geostationary inter-satellite systems (see 
Section 2.2.). However, because of the more demanding tracking 
capabilities required for the up- and down-links, wider 
beamwidth antennas must be utilized. 
3.2 Transmit Power Requirements 
The technical characteristics of geostationary/low orbit 
links in the Inter-satellite Service have been estimated using 
an assumed design employing spread spectrum techniques. The 
design parameters are as follows: 
0 Required predetection carrier to noise ratio - 10 dB 
0 Receiver noise - 15 dB 
.Transmission bandwidth - 2 GHz 
0 Geostationary satellite antenna gain - 60 dB(i) 
0 Low orbit satellite antenna gain - 50 dB(i) 
The satellite transmitter power required to permit communications 
over the link can be computed by the following relationship: 
where: N = receiver noise power 
Gt = transmitting ante-ma gain 
AR = receiving antenna effective 
L = spreading loss 
Fcr the 54.9 to 55.1 GHz band the required transmitter power is 
23.1 dB(W). 
':'he worst case interference geometry would occur if the 
radiometer, while scanning the earth's limb, received a main 
beam signal from a geostationary satellite within the radiometer 
main beam. The interference level in this instance is 
computed as follows: 
Transmitted e.i.r.p. 83.1 dB (W) 
Bandwidth conversion factor - 9.3 dB (235 MHz/2 GHz) 
Spreading loss -163.0 d~ (m-2) 
Radiometer antenna effective 
area (main beam) 2 + 8.7 dB(m ) 
Received interference power - 80.5 dB (W) 
or 76.5 dB above the interference threshold of -157 dB(W). For 
nadir-looking radiometers, the interference level would be 2.5 dB 
below the radiometer interference threshold. This interference 
would occur only when the geostationary satellite points at the 
limb. 
The probability of occurrence and the duration of this in- 
terference situation is very small. For instance, a typical 
polar orbit adjusted for global repetitive coverage would cause 
the limb sounder to point to a geostationary satellite only 
twice per month. The maximum duration of interference in this 
case would be approximately three minutes and constitute less 
than 0.8 of one percent of the time. The interference situation 
therefore will be an infrequent occurrence and the loss of data 
would be negligible. 
A limb sounding radiometer will experience interference 
whenever its main beam is directed at the sidelobes of the 
geostationary satellite as seen from the following calcula- 
tions : 
Transmitted e.i.r.p. 
(0 dB/i gain) 
Bandwidth conversion factor - 9.3 dB (235 MHz/2 GHz) 
Spreading loss -163.0 dB (ITI-~) 
Radiometer antenna effective 
area (main beam) + 8.7dd(m2) 
Received interference power -140.5 dB(W) 
or 16.5 dB above the interference threshold. Although this 
level does constitute interference to the radiometer, the 
length of time that interference would be above threshold is 
of negligible impact to data measurements. For instance, a 
typical polar orbit adjusted for global repetitive coverage . 
would cause the limb sounder to point at the geostationary 
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satellite at most twice per month and the duration of inter- 
ference would be on the order of 20 seconds maximum (.01% 
of the orbital time). Additionally, the value calculated is 
conservative in that no account is taken for potential atmos- 
pheric attenuation at the earth's limb. 
Another potential interference situation is whenever the 
radiometer passes through the main beam of a geostationary 
satellite. In this instance, coupling of the signal would 
be via the side lobe of the radiometer antenna (for both nadir 
and limb sounding) and the resulting interference level is 
computed as follows: 
Bandwidth conversion factor - 9.3 dB (235 MHz/2 GHz) 
Spreading loss -163 d~(rn-~) 
Radiometer antenna effective 2 
area (side lobe) - 70.3 dB(m ) 
Received interference power -159.5 dB(W) 
or 2.5 dB below the radiometer interference threshold of -157 JB(W). 
Consequently, for the two interference geometries presented 
above, no significant interference will be experienced by the 
radiometer due to the geostationary to low orbit link. 
3.4 Interference Analysis (Low Orbit Satellite Transmitting) 
The amount of interference received by the radiometer from 
a transmitter located on a low orbit spacecraft is highly 
dependent upon the distance between the two spacecraft, which 
can vary from tens to thousands of kilometers. The spreading 
loss therefore may fluctuate as much as €0 to 70 dB. 
Since any main beam to main beam couplings are extremely 
remote, the only significant potential for interference results 
from side lobe to side lobe coupling. 
The following calculation determines the distance required 
between the two spacecraft in order that side lobe coupling does 
not cause interference. 
Transmitted e.i.r.p. (0 dB gain) 
Bandwidth conversion factor 
Radiometer antenna effective 
area (side lobe) 
Interference threshol.3 
Required spreading loss 
or a distance of 155 km. 
In order for the spacecraft to pass within this distance 
the orbital altitude of the two spacecraft must be within 155 
kilometers. If the two spacecraft are to remain within this 
distance of each other for a significant amount of time, the 
basic orbital parameters must be nearly identical. It is 
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highly improbable that two spacecraft would be launched into 
such similar orbits unless it were a matter of design. 
Cleariy, large areas of interference would not occur. 
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